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ABSTRACT

The. objective of this froject was to determine the
need for manpower training in solar energy technology and regcrt it
on a regional and/or state basis, Three basic questions were to be
answered by thé project: (1) Eased on a survey of solar heating and
cooling systems equipment, what types cf systems are being
manufactured? (2) What is the gquantitative demand for ‘wcrkets to
install and maintain such eguiprent? and (3) what skills must be
possessed by solar workers? Among the findings reported was that the
tyrical incstallation time for a domestic hot water system is forty
man hours, plus an additional ten man hours required for design, and
.¢vc man hours per Yyear for maintenance. An analysis of the tasks for
design, installation, and mainptenance.for a typical solar systen
reveals that the solar tasks accounted for approximately 20 fpercent
of the total task time. The reraining 80 percent of the tasks could
be performed ty solar-trained conventicnal tradesmen. Tc supply the
required numter of solar fechnicians and mechanics at a steady rate,
a pinimum of 4,000 workers must be trained every year to fultill the
increment in demand until 1985. (Appended material includes the
contractors!'! survey fora, the task inventory form. and task analysis

informaticn.) (LER)
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+ EXECUTIVE SUMMARY .

DESCRIPTION OF THE PROJECT '

In order for the solar industry to be successful in stimulating com-

mercial use of solar energy, it must provide for the developmerit of .
, o=y ¢ PY ) ’
. manpower resources with the knowledge and skills to install and maintain

solar systems. The significance of the demand for solar equipment and i . _ -
lar workers must be known before plans can be mnde=to spend the great
sums of money required to degelop a curriculum to train these workers.

There should be a wellﬁfounded'expectation that there will exist a clear - :ﬂ\

demand for the trainingQ and employment opportunities foir the graduates

}[\% .training program., i-leretofore, there have been insufficient data ' .

v ° x
“available regarding the number of solar energy workers that could be’

employed in this new and emerging 5ield.

\

The objective of ?his project was to. determine the nationel need for
munpower trained in solar energy-technology and report it by state. This

project forecasted future manpower requirements for the solar industry by .

determining both the quantitative and qualitative needs for developing solar

skilled manpower training programs.

“ Secondacy objectives included the identification of the eolar induatry

5

manpower populations and the identification of tasks that should be per-
% .
formed by solar technical and skilled workers. An analysis of this infor-"

mation provided the manpower populaticn determination and should aid in

solar manpower curriculum design.

The project contract had three b sic tasks: -

Task 1. Conduct a surVey of solar heating and cooling systems
equipment using ERDA, NASA, and private industry resources, :

S -

. . i -
3 . ~ S
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Task 2. Review existingjconsumer demand studies to forecast
manpower requirements. ) —

Task 3. Conduct a skills study to determine the type 6f éurricdlum.
required to produce the trained manpower identified in -
Task 2 above, "

LY »

The final solar manpower assessment.was formulated from‘the‘fesu}ts of these

Fhree tasys. '
Three*separate working groups were formed to address these tasks: an
equipment group, a market penetration group, and a skills analysis group.

8
. . . : Y
A fourth group, the manpower assessment group, combined the results from

the three initiaivworking groups to meet the overall project objectivea;

‘namely, R S

b

- To produce a forecast for ébla;»tralned manpower needs.
- To determine the types, of trgining required to produce manpéwer
capable of performing the tasks identiiied in the task'analysis.
B . ‘ ~
FINDINGS
This project determined the expected time gequired to design,tinstall,

and maintain solgr space heating and hot water systems.. For this study, gt

was found that the typical installationm time for a' domestic hot water system

b ] 4ﬁﬂhanhours, plus an additional 10 minhours required for ‘design, ‘and 2 °

. manhours per year for maintenance. The typical domestic space heating sys-

tem requires 125 manhours to install, 30 manhours to design and 10 manbours

‘per year to maintain.

"‘-‘s’%rm
Using a task analysis approach based on the solar system des;gn,

¢

installation, and maintenance,' strictly solar tasks were identified. Using

degree'of difficulty and background knowlédge required des the criteria, ' these
]

solar tasks were found to be divided into two categori=ss. Two types

of solar worlers were defined from the two categories of solar tasks: the

solar mechanic and the solar technician. :

4 . -"’.11»_“\ ,’ % )



'?
g
AV
» /
. ' {"
\ .
L
F
S —

PR

. \ Y * {

The soldar mechanic is defined as a-conven;&onal tradesman with know- '
¢ ) 4 ' . .

ledge of solar eystems. This person 1s expected to perform entry level,

=~ e

gasks of inetallation and routine dﬁinténance. S ) : .

)
) .

The solar tasks to be performed by the solar mechanic are to: { .

- Mount each/collector. " A " o ¢

N 2 ~

N\

-5 Chepk rbrmal positions of mot:orized valves and dampers.,

2
: / .
s operatiqn. . . y ' -

b4

. o A . :
These solar mechanic gaske‘representytwo percent of the.tote; de&ign,

T Monitor flom&ates and temperature differe ntialseto te?c system

[ — .

installation, and maintenence time for a‘typical solar .ehergy system.
\ . The solar technician has knowledge and skills specific to solar system

nesign, inetallation,:end dIégnostic troubieshooting. Specifically, his
solar duties and tasks ;re‘toa -~ |

‘.-- Calculate hot ‘water lé;d, , ) C \

£ Choose collecter‘tybe.. ‘ - .

, - i ~ - )

- - Calculate solar gain on unit area basis.

v - Determine maximum‘available collector area.
. - ol

-  Determine optimum collector .area. v

- Design fluid flow systems. =~
. Llow

. - \ Check out tne system ppwered‘componenté.

-

-
'

%Calibrate.and test solar temperature differential controls and
- Test system operationaf modes. .

An analysis of ‘the tasks for design, installation, an& maintenance

for a typical solar system reveals that the solar tasks accounted for

approximately 207 of the total task time. The remaining 807% ef the abo¥Ve

taegs could'be performed by solar-trained conventional tradesmen -- the

¢

solar mechanic,f The heating, ventilating, and air conditioning (hVAC)

L

journeyman skills are needed five to six percent of the time, and are

)

\
~1ii-
%
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B l . attributabie'nostly'to_design of ‘the system. Plumbing gkills go; a }iqgid.
j sxsten are reqpired approximately Tifty-fi&e percent of the time,\and this
:aame;pergentage applies to sheet metal skiils for.an air system.' Lastly,
eleétrician skifls are réquired about four to five‘percent of the/time,
. ';%fpentrf about one perctnt. and other skills about ten percent of the time.

a The educational background needed by the solap mechanic to enable

him to.learn the required solar tasks is as follows: T

. ) : ‘. B ] . , . -
,(i)' A high'schoo; education * v -, ; _ L7 ' ,

(2) Exggrience pfimarilynin plumbing {for liquid systems) or in sheet |

-

. métal (for air systems). o . -

4

_Therefore, the eezjfy&onal background fﬂr the soldr "mechanic" is .
teOf

.nearly identical to th the practicing plumber or sheet metal tradesman.

f1

The edueétional preparation to enable the solar "technician to perform

| the required tasks includes the fol}owing:
- ) (1?"A high schoo; education L S ' .o
(2) Basic mathematics et e .
- - . ’ (3)' Basic oh;sics * *
(4) Basit’computer'proéramming Co

kS) « Basic heat transfer theory

-
*=¥(6) .Basic fluid flow theory ..

(Y . L]

- - : (7) Drafting/blueprint reading . . | : ,

(8) 'Sun/earth relationshr?s and other environmental problems'’ ")
) y S - . :
(9) Basic engineering fechnology.

The knowledge'required’of solar "technician" exceeds that of a

' typical tradesman, and is beyond the high school training level.
N The projected demand for solar ¢quipment is substantiél, Dased on

: ) :
w7, three major.markéénstnﬂies - one'produeed'by_the MITRE Cocrpordtion, anqther
. by,the University of New Mexico (UﬁM), and a third by the Solar ﬁnergy' oo

\ -

Industries Association (SEIA). All threz studies aéree that by 1985 there
e ; T K

ERIC . A

“
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o will,be‘\ at least 2.4 million. solar hot water and hot water/spaee'- heating \

o

units installed in the residential sector of t,he'United States. Figure A ) ‘-.f"f
S . . . — ’ _— . s ' . ' L
.- .compares the.projections of sblar installations by the three studies. VA '
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Ce - To suppiy‘lhe required number of solar technicians and mechan}cs at
-’ . . v \‘ . i
. a steady. rate, a minimum of 4000 workers must. be trained every year to

» o R . .
’ - tulfill the inéremént in demand until 1985. Of these 4000 workers, at least .,
Y. 800 mﬁst'be trainéd at éhe'solarvtechnicihg level evéry.year. In the years

, . from 1985':6.1990, the ‘yearly rate of supply Qust\pe increased to nearly

\

oy 6200'tota;'workers'including at least 1200 solar-technicians.

. . - . -~

. '., . . 'l o5 . ] i . | . .o .
: ) ' o , . - .
CONCLUSIONS . L% o« | o |

L 4
]

.. v A substantial demand for trained skilled workers to design, iﬁstall;

- f  and maintain-solar syétems.will'develop concurrently with the demand for

t
.W‘)

’ solar'eqhipment. According to the three solar market prpjectioﬂé uged,

-

there will be at least 2.4 million solar units installed by '1985. Accord-

—en i

» ingly, by that year there must be a minimum of 25,000 sg;Lled workers in

.o . A .
the solar field. One-fifth of these workers must be trained at the technician .

-’ L

level.
Soiér 'technician training will be equivaient in lengih and extent to
.. o ' . - ' . Y
K » that for “HVAC techniciams, approximately a two year program. There 1s no

néedafor as comprehensive or lengthy trainidé'for workers in the solar e

L3

mechanic class. .Most solar mechanic training is being done and will be

”
b}

- done py the solar industry manufacturers, distributors, and dealers, and :

o ’ * « ° 1 : - [ * 4
e _through shoét courses and,conﬁinuing-educatién. However, there is a need
. for an educational training .program for solar mechanics if the individual

]

does uot have previbds'knowledge and tréiniﬂg iq HVAC,and}or Plumbing.

To meet the demand for solar workers, approximately 80 schoéls, each
graduating 50 solar technicians per year, will be needed between the present
and 1985. ‘To £fill the yearly demghd for technicians between 1985 and 1990;

40 additional schools will be required. The regional.development of these

L3
& 3

schools should follow the regi&nal Jemand for iﬁstallatipns.

.'.: - * : . . _‘yiii_
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.iRegional,feasihilitQ‘of.solar systems,will determine'regionalﬂmanpower
demand. Solar space heating will become economically feasible among the
Canedian border states in the extreme nort;£a5t~and north-central patts of
"the nation between the present fand 1980. Between 1980 and 1985, the middle

[}

belt states will. show increaeing.feaeibility. Ae expected, far. fewer space .

;heating systems are forecast for the. southern sun belt.states. "Solar water

"heating without space heating becomes feasiblejin a more scattered manner.

\

'The‘trend‘for implementation varies with insolation and glectric rates since

e

hot water needs are more uniform than space heating needs.

~ .
] A - . "
[ . " . [ R o, »
[ . R . L 4

RECQMMENDATIONS - - ' o .
. . ‘ . - . M . . . ]
: ommend : - '
//(q‘c. ' ' ) A . ,“

rd

/1, That the solar mechanic trainingrprograms‘now being undertaken

by solar manufacturers, distributors, and some trade unions be continu\d;

'This training should also be conducted through short courses, continuing

,.
7

education programs, and certificate programs. .o ' 3' ‘ N

2. That' the development of solar techpnician training programs be

begun immediately.

» 4

"3, ¢That the basic technician training program contain the flexibility

)

to accommodate local/regional variations and future developments in the

solar _industry. ' . , '\\’/-

*
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I. DESCRIPTION OF THE PROJECT

A}

A. STATEMENT OF THE PROBLEM

The United States is faciné a major challenge in the development ;f

\

alternative sources of energy to replace depleting fossil fuel reserves.
Estimates of the United States Geological Sur§ey indicate that the remain-
ing supplies of petroleum and natural gés available domestically imay be
exﬁﬁusted within the next 16-42 years uﬁless other sourceé of energy can
be utilized:to meet many of our energy requi:ements..

Alternatiﬁe sources are Being &eveloped to replacg rgpidly eroding '
domestic fossii fuel resources and to place the United States in a more
'tenab;e position from an eﬁergy standpoint. Tﬁe utilization of solér e
energy has been given ; ﬁigh priority among the alternate energy sources'}
to bé developed. Congress has declared that it is the pqQlicy of the
Federal Government to provide for .the develbpment and demohstxation of
practicable means to employ solar energy on a commercial scale. Formerly
the Energy Research and Developmgnt Administration (ERDA) was stimnlating
prfvate‘industry in the construction of residential and commercial build-
ings utilizing solar energy heating and;cooling devices. Presently, the
Department of Energy is continuing this thrust. Congress alsc has authorized
and directed fhat education and technical training program;:be suprorted |
to provide the necessary trained personnel for solar energy research,
deielopment, and demonstration activities required by the Solar Energy Act
of 1974. fhe proposed National Ehergy Plan outlines & program 6f financial
incentives and public education to stimulate the development of a larger

solar market. - . !
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1f government and industry are to be successful-igfstimulating commer~'
o
cial use of solar energy, they must provide for the development of manpower

resources with the knowledge and skills to install and maintain solar sys-

. tems. The significance of the demand for solar equipment and solar manpower
. : 5
must be known before plans are madg<£: spend the great sums of money required
» ' .

to develop a curriculum tc traigwshe workers. There shoulg be a well

o ) :
. .founded expectation that there will exist a clear demand for the training,

and employment opportunities for the graduates of,theftraining program.'
- . ' . [

’

] Heretofore, there have been insufficient data avaiiable regard%pg the number .-

-

of_solar energy syster. wbrkeré/;hat could be empLoyed in this new and emerging

fie1do . ! . " . v e . * I.f’7
Theé objective'of this project was to determine the need for manpower : R
tfaining in solar energy technology and .report it on a regional or state .

basis.. ?his project forecasted future manpower requirements for the solgr
industry-by determining both the quantitative and qualitative needs for
developing solar skilled manpower training prog;amél , ' .
: - Secondary objectives included the identification o% %Pe solar ipdﬁstry
manpower populations and the identification of tasks that will be_done‘by
solar workers. Anianalysis of this information provided the manpower popu-
.latién determination and should aid in'solar manpower curriculum design.
Three basic questions were to be answered by this project:
i. Lased on a survey of solar heating and cooling systems equipment,
whiat types of systems are being manufactured?
2. What~is the quantitative demand for workers to install and
maincain such equipment?
3. What skills must be possessed by solar workers?'

The project contract specifically called for the performance of the

following tasks:




B
. : \

e '\.

Task 1. Conduct a survey of solar hea%iﬁg and cooling byst::g/l
-equipment using ERDA, NASA, and private industry resources.

Task 2.] Review existing consumer demand studies "to> forecast
manpower requirements. ' _ .

. [42 L

Task 3. Conduct a skills study to determine the type of curriculgg
.requiredktogproduce.the trained manpower identified in ”
Task 2 avove., = ™ ' '

The final solar technician manpower assessment was formulated from the

A

régults of these thcee tasks.

" B. PROJECT ORGANIZATION

The initial projegt organization was arranged acéprd;ng to the tasks

v .
described above. Thrée‘w@parate working groups were formed to undertake -

. Ve . . ’
" the three tasks: an eq.-ipment groug\(Task 1), a market penetration group

Piad

(Task 2), and a skills inalysis group (Task 3).

The eqqipmgnq group surveyed'sglér eqquipment manufacturers and supplied

X S . J <
‘information in support of the market penetration and skills analysis groups. .
. ' ) »n . + K

This information inciuded installation manuals, equipment cost, and opera-

"

tional data. The market ‘penetration group produced a forecast of demand

-

for solar equipméht. Ultimately,}fyg demand for splér)panpower'is a

" function of the demand for purchase and servicing of sola;féqﬁfﬁﬁént. The

.

skills analysis group determined installation aﬁd maintenance skills required

for solar systems and calculated the manhour requirement per solar system.

The schématic of the overall project work plan, shown in Figure 1,

1

'Eepresents the three phases of the project. /First, each of the three groups

- worked independeqtly. Upon completion of their tasks, the second phase

began. A fourth group, the manpower assessment group, combined the results.
from the three initial working groups to meet the overall project objectives;
namely,
1. To pr;huce a forecas; for solar-trained manpower needs.
2. To determine the fypes of training reqﬁired to produce manpower
capable of.performing the tasks identified in the task analysis.'

¢ _3_ ' . ’
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Figure'éb the work coordination schedule for the project, depicts the‘ .
ftenporal and operational relationsnips anong the working groups.'
;Throughopt the project, an advisory committee served as on-going .
monitors of the progress and plans. of ‘the working groups. The advisory
committee was composed of both educational and industrial professionals
. \ (members listed in Appendix A). Additionally, special consultants were
, , ' utiliged to identify and clarily specific problems during‘the course of

this projecs. These consultants are listed in Appendix B.

C. PROJECT METHODOLOGY - ' N

L4

In the previous‘section the three working groups gnd their interrela- |\
tionships have been delineated. .This section will contain g-detailed .

description of the methodology employedﬂ%y'each group in carrying out its
tasks. °l‘ : i

A ' ' - . _ l
_° ' ' C.l. Equipment Group

N\

The purpose of the equipment group was to support the efforts of the
market penetration group,and'the skills analysis;group. The equipment

group served as the technical consultant to the other groups, and provided

1 -

. ‘ . - informa:ion on system design, cost and deliverable energy. - _ ’

oV
0

THe'primary objective of’ the equipment group was to determine the
types of solar systems and equipment being manufdctured. Three basic
_constraining assumptions from several sources were made.

1. Any solar-technology not pregently in an "advanced" stage of
' é

. development will not be widely used by 1990, (From Advisory Committee)

2. Photovoltaic systems will not be competitive with solar thermal

L4

syatems before 1985. (From Advisory Committee)

3. Residential installations will comprise the majority of solar

|

system installations. (From National Energy Plan)

| . 5= =
(€) ] . . . ) N 121
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R ; *  Three general tasks weré to: ’
1. Identify solar system equipﬁent. b ' ' f 4
fﬁ . .j '2. Obtain instfl%ation and mainteﬁance ih;tructiohs for existing
C ) | .solér equipméﬁt. * )
T ‘ 3; Determine hot wak;r and hot water/space'heating solar systen

’

' ' , sizes for various locations in the U.S. : ) oo

-The dolar systems were first categofized by_end-use application, i.e., .
‘" gervice hot water, space heéting, and space coofing‘systems. Within each

of these categories, various generic types of systems were identified,

- y \
which corresponded to the "paths to solar heating and cooling of buildings"

> as ouélined in ERDA 76-144. "Interim Report: -National Progream Plan for

Research’and Development in Solar Heating and Cooling". (Appendix D) A '

o

. % . survey of equipment which 1is presently.availabie was conducted. Manufac-

> turers were identified (Appendix C) and contacted through the use of ERDA

~

") j 1istings, Solar Energy Industfies Associates (SEIA) listings, advertise-

. v
‘ments in trade journals, solar conferences, and research reports. From

their responses it‘was determined thaﬁ the solar ;ystems most iikely to
see'widespread.utilization:in the next decade would be restricted to hot
water and space heating applic;tion. Furthermore;:tge collectors used
. wo&ld be non-concentrating and non—traéking,‘but would.include both air
: and liquid types. ' ‘ b\
| The.task of c£ta1niﬁg installation and maintenance instructions for
existing soiar equipﬁent was an extension of the:ﬁanufacturers' survey
tsi:fio ed above. Once the manufacturers and their equipment had been
identified, a'representativi samp;e of these manufacturers'was recontacted
- . _ .

and asked to supply installation/maintenance instructions to be used by"

tte skills analysis group and cost information to be used by the market
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e

€

Al

penetfation group. ‘ ) )
The third task involved estiméfing the éollect&f area needed for hot

"water and hot water/space heating systems on a state-by-state pasis. Data
4 . .

generated were used to determine the solar system installation times.

H

sttéﬁs were assumed to supply 75% of the required load from solar energy.

N

Hot water system'size,estimateqowere taken from various manuchturers'

literature. Hot water/space heating system sizes were estimated by using
; _

the "Load Collector Maps" developéd by Balcomb and Hedstrom (see Appendix D).

A listing of approximate system sizes versus design/installation times is

given in Appendix B. ' ' ~

C.2, Market Penetration Group
The ma%két ﬁenetration group had the task of forecasting the demand

for;solar energy systems. Ta turn the“forgcasts were used to determine

_ :fhe number of skilled workers needed to'design, ingtall, and maintain a

typical solar system. These forecasts were made for each of the contiguods

states. .
: .

Existing market studies were used to project future demand for .solar
installations. With the help of the Advisory Committee, standards of

-evaluation were developed to provide a common basis of comparison for the
existing studies. These market studies were reviewad, assumptions were
accepted, and the specific differences in approach to forecasting demand

for solar equipment were established. The detailud procedures involved in

completing this task are given in Chaptef IT of this report.

C.3. Skills Analysis Group

The skills analysis group .was to determine the number of solar workers

needed to design, install, and maintain the typical solar system. Initially,’

thic group performed a review of the product specifications, literature,

e

[ v a2y
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-schomatic diagrams, and installaticn and maintenance instructions obtained
R _ from manufacturers. After a suffidient foundation had been dgvélopeh ¢

‘ . ~‘using the, available literatdre, a preliminary lnventorytof tasks was made.
C . N {. ' v

4

v \

This task inventory consisted of a list of duties fpg.uhc solar worker, -

¢

under each of which was a listing of specific tasks to accomplish that’
duty. Tﬁe;meﬁhodology used in the task analysis 1is found in Chapter III,\

whilg'the methodology used to determine manhoyr requirements per system d&
. ) . ‘, P B
1s explained in Chapter II of this report.. ' ’

C.4. Manpower Assessment Group
\ i

']

The q‘ppgwér aq.pssmént group was the fingal wdrking group of thé
project. Tbe persbnnel fgpm the initial three.wofking groups combined
the findings of their 1ndividual groups to formulate the results and con-

clusions of this project. .&hq specific objedtiyés of tpis group were the

2

overall project objectives:
1. To produEe a forecast oﬁ solar-trained manpower needs.
2: To determine the types of training required to produce trained
. ~. .

manpower capable .of performihg thé tasks identified in the task

/\ . . .
: analysis. ‘
i

* The results conéerning the task analysis and educational levels asso-

ciated with the required graining are found in Chapter III.‘ The predicted
manpower needs are given in_ Chapter II. he

NS

Cr
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. The manpower assessment group utilized the pertinent results = .

= 4

L

from the t?ﬁge individual groups described in Part I. The maﬁpower .

L)

, demand of the,solar energy industry is a direct function of the manhotir.

-

’ requirement per solar system and the yearly demand for solar equipment.

This chapter is divided into three sections. 1In séction A the major

L

existing'ecdnomic studies in the_solar‘field, which were used in this
project, are described. Using these'studies, the regional yearly:

demand for solar equipment in the U.S. residentialqsector is predicted

3

and tabulated. In Section B the methods for determininé the manhour
- ) ,

requirement per solar sysi®m are outlined In section C, munpower demand
’ } N T, . ‘ .
is calculated for each region for each year from 1978 to 1990.

» . . ‘ o ' ..
A. PROJECTIONS OF EXPECTED DEMAND FOR.SULAR SYSTEMS
It was the basic assumption of this project that the demand for

1)
solar manpower is a direct function of .ie demand for solar equipment.

{ . ’ .
The forecast of demand for solar equipment i1s based on existing studies.
L TR : .

A.1 SELECTION OF DATA BASE

All availlable market studies wcre reviewed and analyzed; however,

only 1974 or later studies were sufficiently current to be considered‘

~for seléction. The objective of this process was to obtain the besat

e . [}
estimates of.the number of solar units to, be installed nationally,

regionally, and state-by-state. The methedo;ogy and assumptions used

in eac’. study were analyzed to select the most redsonable approach to’

~10-~-
26 .

\}



the problem. Some of the é§udieé, such as the University of Delaware
report (ERDA E (11-1)-2598) (See Appendix D), were not useful in this
project because of insufficient information. A decision was made to
use three'different studies as the basis of forecasts for the number
of installations in this country. These three studies were as

o follows:

(1) The UniQersity of New Mexico Stu&y
| Title: THE ECONOMICS OF SOLAR HOME HEATING, by William D.
Schulze, Shaul Ben-David.. .
Date: “"July 1976
. (é) The MITRE cbrporation (MITRE) Study:
Title: AN ECONOMIC ANALYSIS OF SOLAR WATER AND SPACE HEATING
Date:' July 1977
(3) The Solar Energy Industries Association (SEIA) Study:
Title: SOLAR MARKET CAPTURE AND MARKET PENETRATION, by
Sheldon Butt.
Date: October 1976
The xationale for selection of above studies is as follows:
The SEIA study is the industries oﬁn estimate of its market poten-
.tial. As such, it represents the views of those who most directly gain
or }ose depending on the accuracy of their perception.
| The MITRE-study is the product of the most intense effort by ERDA
. to date to arrive at feasibility and market penetration estimates.
MITRE estimates are being used extensively by ERDA in many other analyses.
The University of New Mexico study (UNM study) forecasts the
economic feasibility of solar energy state-by-state, by year, and by
application. Due to exogenous variables, such as orientation and structure,
freedom from obstacles, and age of the structure, economic feasibility is not

. . o1
2y




\
reédily transia;gd to market penétration. It was necessary, for tAis
project, to carry;out an assessment of market penetratign, incorporating
the eﬁonomic feasibility as determined by ﬁhe UNM study.

| Figure 3 illustrates the méjog dffferences among the three

T + . .
studies selected and highlights the major assumptions each study employed.

L)

_ The studies produced several scenarjos, each with!its own assumptions.

The UNM study, for example, had scenarios for two different interest

rates and three different eat;mates of solar equipment costs. ' The moat'
reasonable acénérios in our opinion wére selected for presentation in the
tablel It should not be conclﬁded that the three forecasts would be the same

even 1f each of the three studies was based on the same set of assumptions,

Different methodologies and, more importantly, different investment
criteria, cause significantly different conclusions.,

The UNM, SEIA, and MITRE studies provided regionalized results.

*4

MITRE used climatological data from sixteen different cities that

represent sixteen different zones. SEIA similarly selected several regions
J .
for analysis and drew conclusions for the entire country. The UNM study

Q
provided analysis by state and by year. Since housing data are readily

L

available by state, it was possible to make a manpower forecast, by

staée, for this project based on the UNM study.

l ,
A.2 CALCULATION OF THE EXPECTED NUMBER OF INSTALLATIONS USING THE

UNIVERSITY OF NEW MEXICO STUDY

Estimates of the expected number of installations were made for
domestic hot water s&stems énd for domestic hot wéggr/space heating
combined systems. These two separate forecasts were made from 1978 to
1990 for each of the 48 contiguous states. Additionally, each forecast
broke out the number of systems installed into two catégories: systems
retrofitted to existing structures and those installed dﬁring new

construction.

-12-
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SEIA §1,150 H.W. Equal to long term (40% tax credit on lst $1000.
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&he procedure followed for-calculation of the expected number of .

-

installations by state and by year was as follows:

_Solar Feasibility

"The year_of economic feasibi}ity'for installing hot water and hot
‘water/space heating systems by state was taken from the UNM study.
. These maps of solar feasibility are reproduced in Appendix F.
Housing Stock and Start Projections | | |
\ The existing housing stock was determined from U.é. Census Data
for single family, detached housing.. The housing starts were taken

from the 1972 Obers Projections for mid-point projections of gross single

family, detached.dwellings. These two tables are reproduced in Appendix G.

Market Penetration '

The fraction of the total housing market expected to have solar
& .

systems installed, when it <i economically feasible to do so, 18 called

the market penetration. The‘\yearly market penetration. for hot water
and hot water/space heating systems for both retrofit and new instal-

lations are given in Figure 4. The assumpations and reasoning

used to arrive at these ratios are also given.

The multiplication of the appropriate market penetration
with the appropriate housing inventory gives the number of expected
installations. The number of hot.water/space heating system installations
ekpected by state and by year, for both retrofit and new in;tallations,
is given in Figure 5, The number of domestic hot water system installations
was determined by reducing the market penetration for hot water
systems by the number of combined hot water/space heating systems installed
in the same year. Thus, Figure 6 1s conservative in iés expected number
of hot water installations. This also explains why the number of domestic

hot water systems installed decreases over time in some instances.

Q ‘ -14-
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FIGURY, 4,
MARKET FENETRATION-PER YEAR T ’
. H.W, S.H. VH.H.
o [ Retro New Retro New
. : —_—
Economic Rationality .80 . e
(including arch/ssath. 80 %0 %0
conaiderationa)
, ’ (b) i . .
Orientation & Struct, .50 .50 30 40
(e)
Age (retro-only) _ 67 1 N.aA, 67 21 N.A,
(d)
Frae of obataclea .67 67 «50 50
(e)
102 (10 yd.) convaraton W10 N.A. \10 NoA.
(vetro-only) . . ’ .
-
_ YEARLY MARKET PENETRATION .018 27 .0050 .10
RATI0 R

CALCULATION OF MARKET PENETRATION FACTORS:

(a)

()

(c)‘

{d)

(e)

Econ. Rnttonlgétz

= For H.W.1 (ghu & retro): Only 20X of people will not “want" to spend tha
$1300, or are ‘just againat the looks of them.

-~ For S.H. & H.W: (new & retro): one-half the people will refuae to put out
(or borrow) the money aimply because of the large amount of dollara involved
(approximately $6000+),
Oriantation & Structurs
= For H.W.: Half the houaea hava orientation probleul,.no xeal atruct. problea,
= For S.H. & H.W.: 4 have orientation problem.

= Retro - Anothar 202 hava atructursl or space problenm,

= New ~ 10X have aspace problem; no atructural problems.

Age

= Retro only: With 20 year solar system life, and 30 year houae lifs, only
2/3 of housing still haa necessary life left.

Frea of Obstacles . .

H.W. approximately 2/3 of all houses are free from trees, buildings, hills,
etc. (S.H. has more of a problem because of more area).

102 Converaion (Ratro only) -

Approxizately 10 years neceasary to convert available market.

\
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FIGURE S.

EXPECTED NUMBER OF HOT WATER/SPACE HEATING SYSTEM
- INSTALLATIONS (In Thousands)
BASED ON THE UNIVERSITY OF NEW MEXICO STUDY

e
~

1987

1977 1saa 1985 1986 88 19
RET | NEW RET | NEW | RET RET RET NEW | RET
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" FIGURE 6.

4

*  EXPECTED NUMBER OF DOMESTIC HOT WATER SYSTEM

0,

!

INSTALLATIONS (In Thousands)

?ASED ON THE UNIVERSITY OF NEW MEXICO STUDY

1981
* RET

1982
‘RET

NEW

1983
RET

NEW

1984

RET

‘NEW

1985
RET

NEW

1986
RET

1987
RET

NEW

1988

RET

NEW

1989
RET| NEW

1990

RET

NEw

Y

16.7

6.3

‘1

6.4

10.4

3'6

84.5

37,3

61.0

23.8

9.6

I8 (2[&|%|&

*a

's

10.3

4.5

Y

1.7

h‘

1.3

19,9

10.4

™

4.2

.5
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9.4
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6.0
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10.8
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1.9
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* ' A3 CALCULATIONS OF THE EXPECTED NUMBER OF INSTALLATIONS USING THE

. AMITRE REPORT |

- &
The MITRE study predicted the expected number of installations for
' ’ - k]
combined hot water and space heating and the hot water only gystems for

. each of sixteen regions in the United States. Figure 7 and Figure 8 .

show,these forecasts. ”

/

" A. 4 CALCULATIONS OF THE EXPECTED NUMBER OF INSTALLATIONS USING THE:
SEIA STUDY  ° e

The SEIA study predicted the total. number of expected “solar inétalla-n
. _ tions by yqar for the nation. No regional forecast of installations was -

provided and, accordingly, no regional manpower forqcasf will be provided
o, o\ ! - )
based on that study. Figure 9 shows the expected number of installations .

\\ as given by the SEIA study. .
-~ b -

Ao 5 COMPARISON OF FORECASTS ' .
Figure 10 and Figure 1l show a comparison of the expected number

of installations accerding to each of the é;udies.

"

© 4D
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. - FIGURE 7.
"YEARLY NUMBER OF INSTALLATIONS FOR
SPACE HEATING (Electric) AND HOT WATER
USING THE MITRE STUDY

ﬁegioé | ? " 1978 , 1 1980. "1985 1990

) Boston | "1529 | | 3125 5735 5742
Washington ' | 1009 2257 5610 8240 -
Albany B - 510 1103 3140 4600

Los Angeles - 2885 6312 16346 19405
Charleston | 1965 21444 12309 32820

* Bismarck | | | 713 'h 1369 © 2801 3320
Nashville . ". 2046 | 4608 15073 34900

Fort Worth 1481 ' 3304 11790 25985

;gf . Omaha - 612 1261 3505 4849,
Seattle . 130 . 346 783 1965
Phoenix | 244 591 1450 3075
Miami | 1393 | 058 3945 10309

, Madison L _ 1195 - 2258 .5051 6105

. Chicégo | | 388 658 r 1275 1395
- cape Hatteras ' 137 310 10214 2402
" Atlantas | : 40 | 93 318 785

" 15273 33024 90152 165897

. =21- 4 .
. I SN 41 -




FIGURE 8,

YEARLY NUMBER OF INSTALLATIONS FOR

DOMESTIC HOT WATER
USING THE MITRE STUDY

_‘ Region 1978 | 1980 1985 1990
Boston | 71 | 6794 12057 . 12517
Washington 4658 9744 24778 44121
Albany 1927 3921 11053 20265
Los Angeles ' 11862 | 22308 49716 70056
Charleston 11656 25852 73341 188081

“\
Bismarck 1952 3754 8160 14024
Nashville 12455 26496 85715 195366
Fort Worth 5415 20390 73757 160950
Omaha 2168 4423 12844 23940

\ .' 3
Seattle 462 | 1021 2310 4167
Phoenix 1331 3062 /733 15936
Miami 3118 6661 24123 56500
Madison 3032 5794 14705 25874

Chicago 861 1494 2942 - 3625 -
Cape Hatteras 864 1891 6169 13840
Atlanta 244: 521 1719 4020
[Ei};;;TAL 19676 | 344133’:2 411122 853289
2

-22=



FIGURE 9.

"YEARLY NUMBER OF INSTALLATIONS
USING THE SEIA STUDY

Year DHW only DHW & SH | Total
New & Retro New & Retro
78 27,600 2,400 30,000
79 103,100 4,900 108,000
80 238,200 8,800 247,000
81 523,300 18,700 542,000
82 864,500 37,500 902,000
83 1,134,800 76,200 1,211,000
84 1,445,200 145,800 1,591,000
85 1,666,800 2 285,200 1,952,000
86 ;‘1,797,009 518,000 2,315,000
' 87 1,960,000 800,000 2,760,000
88 2,067,000 1,170,000 3,237,000
.89 1,988,000 1,700,000 3,688,000
90 1,656,000 2,445,000 4,101,000
91 1,277,000 3,180,000 4:;57.000
92 965,000 3,800,000 4,765,000

~23-
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FIGURE 10.
YEARLY NUMBER OF -
SPACE HEATING/DOMESTIC HOT WATER INSTALLATIONS ’ 122
. 2r (COMPARISON OF THREE STUDIES)
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Full Tt Provided by ERIC.

ERIC

DHW INSTALLATIONS (IN HUNDRED-THOUSANDS)

20
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. (COMPARISON OF THREE STUDIES)

FIGU;;\il.

YEARLY NUMBER OF INSTALLATIONS FOR
DOMESTIC HOT WATER
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B. MANHOUR REQUiREMENT FOR SOLAR ENERGY SYSTEMS

The determination of manhour requirement per solar system is a
key to estimating the future manpower demand for the solar industry.
Information obtained by th; equipment group indicates that the manhour
reduirements occur in four phases: design ﬁime, installation time,
maintenance time, and repair time. These four different times can be
determined separately since each is independent. The sum of these fouf

times is the manhour requirement per system.

B. 1. TIME DEFINITIONS R

Design Time

Design time consists primarily of calculating heating load
requirements; energy gain from insplation. choosing collector types and
other factors concerning system design. The.first solar system design
a person performs will generally take longer than subsequent designs due
to lack of experience. Furthermore, the design time requireﬁent can
be reduced by formulating tables of data used extensively in calculations.

Installation Time

Installation time is mainly hands-on time and requires knowledge
of skills from various trades. This time depends greatly on the size of
the system being installed, which includes the collector size, Etorage
tank size, and other pertinent factors. Studies of solar energy demon-
stration projects and private installations indicate that the greatest
varying factor in installation time is the total collector area, while
the time for installing auxiliary components remains fairly constant.

Maintenance Time

./
/
Maintenance time depends more on the system complexity {whether

a hot water only system or space heating and hot water combined system)

~26-
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 than the system eize.

Repair Time _ ‘
The repuir time depends on the type of problem encountered,
which is totally unpredictable and uncontrollable, and therefore could

only be estimated.

B. 2 FACTORS USED FOR TIME DETERMINATIONS

To ensure propef determination of the times for each phase, the
basic information supplied by the equipment group was used, as follows:

1. The solar energy system defined as the most "typical" system

- uses flat-plate collectors.

2. The typical solar hot water system has 50 square feet of
collector area, while the typical combined space heating and hot water
system has nearly 300 square feet of collector area. .

3. The optimum collectoxr size for each State is determined from
the average daily insolation, weather data, and other collector characteris-
tics for 75% of the heating load requirements of an average single family
housing unit; (Appendix E)

The equipment group also provided installation manuals and opera-

'~tiohal procedures from various manufacturers. Detailed study of design

p:ocgdures combined with the above information showed that the

design time for each generic typé of solar system should be relatively
constant. The installation time should be a direct function of total
collector area since there is little time variation in the installation
of auxiliary components., Thus, it is necessary to determine how the
installation time‘varies with total collector area. The maintenance time,

similar to design timé) is‘relatively constant because it is related

to system type rather than total collector area or other factors. Since

27~
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. it is impossible to relate repair time with any predictable factor,
id—is plausible, to agsﬁme no time for repair and to remain conservative
in the eatimatibn of manpower réquirement per solar system. Thus, the
efforts in this project were directed toward determining design,

installation, and maintenance time.

B. 3.-METHODOLOGY FOR TIME DETERMINATIONS
.\There are several ways to determine time requireﬁents. The most
direct way would-be to survey solar contractors and obtain information
ébout their actual hands-on experience. Questions regarding the types
of systems installed, and how much time was reduired.in e;ch phase,
could bé ésked.' A statistical analysis'of fhe answers obtained could
provide reliable figures for manhour requiremen€7/;er system within a
desired confidence léxel. In addition, the statistical correlation
bét@eeh generic type of solar system and ins;allation time could be
studig@. . |
v ‘ s f'.ﬁnother way to determine time requirements would be to survey
manuf;cturers of solar energy equipment.. Appropriate questiéﬁs to ask
might include: How much’ time ié'required to install‘YOur pgrticuiar
system (i.e., wéter heater or space heating system)? In terms of manhours,
what are the maintenance requirements for your system? How mwuch time
< does a solar contractor devote to the design of a complete system using
yodr collectors and other components?
#esponses tu this type of question could be used to correctly
- ydetermine the time requirement for the majority of equipment presently
in use. However, the time required in each phase, as given by manufaqtur;
/

‘ers, would likely be the minumum time. Manufacturers generally would/not

" account for "overhead" time usually considered by solar coatractors.

_28-
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Still, the input from manufacturers could be. very valuéble in establishing
thf{time requirements for the various stages of the solar éystems. Appro-
priatenaveraging and correction for oQg:head time_ﬁould glve reliable
information about manhours per solar gystem for this project. It shoulﬁ
be nqted that this isource of information is completely independent from
the fdirst one. ‘

A third method for determining time requirements, and in our view
the moét p?actical, would be to form a committee of competeﬁt personé,
who have considerable practical experience as solar contractors, to obtdin
the time Fequirement for each phase. These experts‘could provide tﬁe
most reliable data since the effects of a learningvcurve and other related
pr;blems would be excluded from their iqppt. |

A fourth me;hod of obtaining the required data would be through

Y

the Task Inventory Form (Appendix K) used as a tool in completing the task
o .

- a

analysié. The committee of experts and consultants (Appenélx B) identified
o

the tasks according to learning difficulty and gave the'typical time

" required to perfqrm each task. When appropriate numbers for total collector

area, pump sizes, and pipeliﬁe sizes are inserted into the férmula and

the overall” time is totaled, the time requirements for each phase are given.
During this‘°project all four methods were used to establish the

time requirement for each gtage of a solar system. These results were

combined with correction factors to establish the-maﬁhour requirement for

solar systems and to minimize the variations in the manpower forecast.

Contractor Survey

A nationwide survey of solar contractors was made with better than

-29-
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was performed as described in Appendix H. 'There were some intérésting

small variations in total
.

collector area. For a typical domestic hot water system, the design

results. The design time is constant for

- time is between 15 and 18 hours. The design time for space heating .~
.systemé varies greatly because all generic types were combined. (The‘
installation time was found to be a direct function of total collector:
area.) For a typical domestic hot water system the installation time is
approximately 64 hours, while for a space heating system it is between
120 and 183 hours. The maintepance time turned out t§ be almost constant
for space heating systems while it varied somewhat for hot water systems.
This is due to the variability in the maintenance data becausé no signi-
ficant maintenance recgrds have been kept to date.

It is import;nt to noﬁe_qhat the results obtained %nclude the effect
of overhead time, learning curve (e#geriénced vs. ;on-experienced);
generic type distinctions, and climatological effects. It was not possible

to carry out statistical analysis'by region because of a small sample

size.

Manufacturers and Distributors Interviews

Manufacturers and distriﬁutors were .interviewed for design,
inétallation, and maintenance time. Details and responses of these
interviéws are described in Appendix I. It is interesting to note that
manhour values for the three phases are consistently lower than the values
derived by statistical analysis. The design time for domestic hot water
systems 1s nearly two hours while -the design time for space heating
systems is 9 to 50 hours. This_is substantially lower because a large

part of design time may be absorbed by a manufacturer's design experts and

-
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computers, or distributors may handle thg design for the brand of product
they stock. Installation.time ranges from 60 to 100 manhours for space
heating systems. This broad range is expected because of the various

types of solar equipment produced by manufacturers. The ins;allation time
for domestic hot water systems is from 16 to 24 manhours. The maintenance
time is approximately 2 manhours per year for a hot water system and between
7 to 10 manhours per year for a space heating system. This survey has been
quite useful in establishing that there is a definite amount of overhead
time. .

In addition to these specific questions regarding design, installa- -
tion, and maintenance time for solar systems, the contractors were asked
for general comments on their need for solar-trained workers. , These
comments were helpful in providing pfbject persnnnel with an insight
into the problems facing the solar contractor. (See Appendix N.)

Committee of Experienced Consultants

Persons were contacted who had designed and installed several
systems and who are considered pioneers in the solar field. They were
asked to define the time required in each phase for the typical domestic
hét water system and the typical hot water and space heating combined
system.

The concensus was that the installation time for a typical domestic
hot water system is approximately 50 manhours in retrofit ;onstruction.
For a space heating and hot water combined system; that time is approximately
132 manhours. For new installations these times could possibly be reduced
by half, depending on the efficienéy of the installers.

The design time is approximately 5 to 7 manhours for ho£ water

and 20 to 30 manhours for space heating, if a designer has an adequate
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background aqd some experiencé in.;he field. The maiptenance varies
* from system to system, but it(is approximat;ly 2 manhours per year for
hot water and 10 to 15 manhours per year fo? epace heatiﬁg. Comparing
- these values with manufacturers' values';t seems that manufacturers'
suggested times in all phases may not account for overhead time and dther
factors. The variability of the data in ‘the statistical analysis may |

also be explained in terms of differing efficiencies of solar installers.
", :

Task Inventory

Using the times listed for each task in the Task inventory (Appendix

K), values for design time, installatioﬂ time, and maintenance time fdr ’
typical'systems were obtained. ‘The installation times for typical
- domestic hot water and for typical épace heating and hot water combingd'
gsystems are 46 to 127 manhours, respectively. These time-values are in
good agreement with values obtained by statistical analysis. The design
times (10 to 34 manhours for domestic hot water and space heating a&d
hot water combined, respectively) are also in agreement with the results
of the statistical analysis. The maintenance time in this case is é
little higher than that from the statistical analysis-because the tggk
inventory listed in détail all tasks requirea for maintenance rather than
v

only those tasks that one would normally expect to encounter.

Combined Results

_ Figure 12 summarizes the data obtained from the above.four sources
for the typcial.domestic hot water system. The data for the typical
space heating and hot water combined system are summarized in Figure 13.
Combining the results obtained'in each of the methods, the-(}nal values

v for manhodr requirements for a typcial solar system aré showh in Figure 14.
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MANHOUR REQUIREMENT FOR "TYPICAL" HOT WATER SYSTEM FROM FOUR. SOURCES

FIGURE {3.

‘o

P

S 3 .77-1..

94
.y

' STATISTICAL MANUFACTURERS TASK
PHASE ANALYSIS " DEALERS/DISTRIBUTORS | EXP.RTS .INVENTORY
DESIGN 15-18 0-2 , -1 ] 10
INSTALLATION 44 16-24 . '50 46
' MAINTENANCE 2-7 0-2 2 1
FIGURE 13. ¢
MANHOUR REQUIREMENTS FOR "TYPICAL" SPACE HEATING .
AND HOT WATER COMBINED SYSTEM
FROM FOUR SOURCES
PHASE STATISTICAL | MANUFACTURERS EXPERTS o, | TASK
ANALYSIS DEALERS/DISTRIBUTORS INVENTORY
DESIGN 24-53  9-50 . 20-30 34
INSTALLATION 120-183 60-100 132 127
MAINTENANCE 9 7-10 10-15 15
1Y
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These values will be used in the next sdction to calcﬁlate the yearly '
manpower dqmgnd by region for the bntire nation. The SEIA stud& made

no regional'foreqaets. To calculate regional manpéwer demand, these
time requirements were modified Eccording to the appropriate total
collector area required for that regio& and the result’ were combined

' , wftﬁ the fegional forecast of the nuﬁber of installations. tAppendix -
' . E.1l lists, ;; state, the design-and insiallation times r?quired, éalculated,.

usipg‘the University of New Mexico study. 'AppenQix E.2 lists the design

and installation times, by region, calcqlated using the MITRE study.

led

Ay

~
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FIGURE 14.
MANPOWER REQUIREMENTS
FOR "TYPICAL" SOLAR SYSTEM
DHW DHW & SH
DESIGN o 10 manhours 30 man hours
INSTALLATION 40 manhours ..125 manliours:
MAINTENANCE 2 manhours 10 manhours
- N
TOTAL 52 165
. L .
*i a
!
/
\
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C. CALCULATION OF MANPOWER REQUIREMENTS FOR THE DOMESTIC SOLAR ENERGY
INDUSTRY

/
The conceptual formuyla used in this project for calculating the

yéarly manpower requirements (not incremental) is given as follows:

1
9

In b (Td + Ti) + I x Tm
Yearly manpower = 1735 1735

Where In = .Number of installations in year u -
T, = Hours required to design typical system

T, = Hours required to install typical system

I = Total number of solaf systems installed to déte

T i Average maintenance time per system per year

m

The figure 1735 represents the number of hours that the typical
. .. ~ Sy,
tradesman works per ¢ear according to the Bureau of Labor Statistics.

C. 1 MANPOWER FORECAST BASED ON THREE MARKET STUDIES

Each market study used a different regional base. The University
of New Mexico forecast was based on a state by state analysis.: The
MITRE Report divided the country into sixteen.envirohmentally homogenous
regions and made forecasts by those regions. The SEIA report made only
national forecasts. Accordingly, the manpower forecasts are made on the
same regional base as the demand for the solar equipment predicted by
the three market studies. :

The manpower demand using the University of New Mexico study as
a base are s..own iﬁ Figure 15 for space heating and domestic hotiﬁater

systems and in Figure 16 for domestic hot water systems. These fore-

casts are by state, by year, from 1978 to 1990. The inhcremental manpower

demand is shown on the bottom line. This number is the estimate of

new workers required for the corresponding year. Manpower demands,

~-36-
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. '  FIGURE 15. .

MANPOWER DEMAND FOR SPACE HEATING AND DOMESTIC HOT WATER
- SYSTEMS BY STATE (In Thousands) ‘
' BASED ON THE UNIVERSITY OF NEW MEXICO STUDY

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
AL
. AZ
“ )
CA 3266 3478 3690 3903
co ; 485 511 537 563 589 615 641
ct 550 575 601 626 651 677 702 127 753 778 803 829 854 880
DE 136 142 149 156 163 170 177
L -
GA
1D
Lt 2072 2165 2258
IN
b . 1099 1149 1198 1248 1297
Xs
KY
LA
ME 36 44 s 59 66 7 81 89 96 104 111 119 126 134
i . 858 903 946 919 1034 1078
MA 895 936 976 1017 1058 1099 1140 1181 1222 1263 1304 1345
MI 2188 2284 2379 2674 2569 2664 2159
MN 894 933 972 1011 1050 1089 1129 1168 1207 1246 1285 1324
MS e
“ I— ‘ i a
MT 1% 140 e _ 159 165 172 178 184 191 197 203 210 216
NE : 773 193 813 833 854 874
NV

ERIC 57
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FIGURE 15 (Continued)

PO A v et Providd by ERi

1977 1978 1979 1980 1981 + 1982 1987 1984 1985 1986 1987 1988 1989 1990
NH 189 197 205 213 221 229 237 246 254 262 270 278 286 294
NJ 1276 1338 . 1401 1463 1525 1587 1650 1712 1774
NM 176 184 195 208 216 226 236 47
NY 2364 2466 2568 2670 2772 2874 2976 3078 3180 3282 3384
NC .
ND 90 9 98 102 106 110 114 118 122 126 130 134 138 142
- OR 2379 2685
ox
‘OR
PA ‘ 2519 2632 2245 2858 2971 3084 3197 330 23
RI 136 143 149 155 162 168 174 180 187 193 199 206 212 218
sc
SD 109 110 111 11} 112 112 113 113 114 115 113 118 116
™
™
uT L 218 229 241 252 265 276 287 299
vT 96 100 1044*1 100 112 116 120 124 129 133 132 160 145 148
VA 1078 1146 1203 1259 1316
WA )
wv
Wi 330 344 359 373 388 402 416 43 44 449
wY 56 59 62 65 68 71 74 7 80 82 85 88
Total 1231 1402 3309 5819 6394 10451 10852 14547 16768 19596 23629 26599 3ollo 31269
O
®
! . 60
ERIC



FIGURE 16.

\ _
, MANPOWER DEMAND FOR DOMESTIC HOT WATER SYSTEMS
BY STATE (In Thousands) )
1977 1978 1979 1980 BAgaEP 'J.‘HEBZU NIVERS&;I:“Y OF NE{E{MMEXICO 1§£UDY 1986 1987 1988 1989 1990
! '\\ }
LA ) s 689 716 72 769 795 822
oA . 406 422 439 455 an 487 503 519 535 ss2 568
AR i 420 436 452 468 484 500
A 1586 127 3867 4008 4149 4289 4430 3322 319 - 817 3614
co 297
T 461 477 494 511 527 544 561 578 594 611 628
DE 1s 19 . 123 127 131 ‘s 139 102 105 108 1 14 s 119
. 1714 1781 1847 1914 1981 2048 2115 2181 2249 2315 2382
GA 908 943 977 1012 1046 1081
4] )}
I
BT &
1A
v KS
;K
A :
ME 152 157 162 167 172 178
) . 769 797 825 853 882 758 778 797 87 837 856
A 762 789 816 843 870 897
nt ]
MN .
s . a1, 426 442 4s7 473 488
? o 614
Wt
NE -
b 103 107 1 s 119 123 127 131 135 139 143
Jo 6 i ' -
o Ro] 2 -~
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FIGURE 16 (Continued) ~
. e [}
1977 1978 1979 1980 198} 1982 1983 1984 1985 1986 * 1987 1988 ¢ 1989 1950
U, V!
RS “
5_ NH 142 147 152 158 163 168
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Sb ' 102 106 110 114 118 122
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using®*the MITRE forecasts for solar equipment gp'a base, are shown
in Figure 17 (domestic hot water systems) and Figure 18 (space heating
and hot water combined).

Figure 19 sliows manpower demand based on the SEIA forecasts of

solar systems.

C. 2 COMPARISON OF MANPOWER FORECASTS

-

It should be noted that the MITRE.study shows at least some market
penetration throughout the country whereas the University of New Mexico
report shows no market penetration where their economic analysis shows
'that.solar is not feasible.

For comparison purposes, tiie three forecasts are plotted together

in Figure 20 on a yearly basis. \
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FIGURE 17,

MANPOWEﬁ DEMAND FOR DOMESTIC HOT WATER SYSTEMS
. BASED ON THE MITRE STUDY
(In.ThOpsands)

Region 1978 1980 1985 1990
Boston 114 215 '514? ’ 462
Washington 145 ‘ ‘.308 ;14 1,627
Albany ’ ‘€7 128 408 748
Los Angeles 383 « 7134 . 1,892 2,665
" Charleston 363 818 2,706 6,938
~ ‘Bigmarck . 59 119 292 501
//T;ashville' 388 845 3,006 7,207
. Fort Worth 293 641 2,721 5,937
Omaha’ 67 135 476 883
Seattle 14 42 83 (149
;hoenix 40 95 27?. 570
Miami 101 204 918 | 2,150
Madison 94 190 542 954
, Ch{;ago 26 46 105 130
Cape Hatteras 27 60 228 511
Atlanta 8 16 128 150
¢ TOTAL . 5,182 4,596 15,108 31,582
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e .. FIGURE 18.

- MANPOWER DEMAND FOR SPACE HEATING/DOMESTIC HOT WATER SYSTEMS

-l

. BY REGIOY _
BASED ON THE MITRK.STUDY : | "y
- oL (In Thousands) o ' :
Region L 1978 ) 1980 ) 1985 1990
Boston - - 151 " 326 673 - 839
Washington ‘ ‘96 . 227 606 1,018
Albany ' 53 : 120 362 603
Los Angeles 297 644 | 1,798 2,565 | .
Charleston 0T an © 410 1,222 " 3,362 '
» L a . v. N
B [ ]
Bismarck 74 149 336 471
Nashville ° © 190 4452 1,556 ¢« | 3,830 *
Fort Worth 138 326 1,212 2,878
Omaha - . 63 137 405 g 644
Seattle , 12 - 33 84 ., 217
Phoenix ’ 21 54 . ' 145 ; 326
Miami _ 34 87 372 1,032
g RS
Madison 123 247 600 . 855
S .
: N\
Chicago 42 75 160 210 ;:
Cape Hatter?s 13 31 ‘ 107 246
: i : >
Atlanta ( 4 10 - 34 87
1,482 3,328, 9,672 19,184
5% . =43~




' " FIGURE 19.

MANPOWSR "DEMAND ‘BY YEAR
BASED CN THE SEIA STUDY

DHW DHW & SH Total
_gear D&I M Total D?I , M Total '
78 795 32 827 214 228 sz | 1,269
79 | 2,971 151 3,122 438 256 684 3,806
80 | 6,865 bes 7,290 786 307 1;093 8,383$
81 15,081 17029 16,110 1,670 415 2,085 18,195
82 24,914 '2,026 26,940 3,350 631 3,981 30,;21
83 32,703 3,33g 36,037 6,307 1,070 7,877 ~43,914
84 41,648 5,000 42,148 13,025 1,910 14,935 57,083
85 48,035 5,256 53,291 25,479 3,554 29,033 82,324
- I
86 ﬁ51,787 7,327 59,114 46,277 6,540 52,817 111,931
a7 56,484 9,595 66,079 71,470 11,151 82,621 148,700
88 59,568 11,978 71,54¢ 104,524 17,894 122,418 193,964
89 57,291 14,270 71,561 151,873 27,692 179,565 251,126
90 47,723 .16,179 63,902 218,429 41,785 260,214 324,116
‘91 36,801 17,651 54,452 284,092 60,113 | 344,205 398,657
92 27,810 18,763 46,573 339,481 82,015 | 421,496 468,069
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FIGURE 24.

4
DEMAND FOR SOLAR TECHNICIANS BY STATE

BASED ON THE UNIVERSITY OF NEW MEXICO STUDY

i 1977 1978 1979 1980 1981 1982 1983 1984 ¥ 1985 1986 1987 1988 1989 1990
AL 138 143 148 154 159 164
AZ 81 84 | X 91 9% 98 101 104 107 110 114
AR ' 84 87, 90 9% 97 100
A 717 745 773 802 830 8s8 886 1317 1380 1441 1504
co 97 102 107 113 118 123 188
ot 110 115 120 217 225 234 262 250 261 268 289 284 " 293 302
DE 23 23 28 28 26 27 28 47 49 52 53 56 57 59
L 363 356 369 393 396 410 423 436 450 463 416
on 182 189 195 202 209 26
132 ) .
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IN
- 220 230 240 250 259
XS
[ 24 v
LA
:g—“— R *; T 9 10 12 ‘13 15 16 18 49 52 54 57 59 63
D . 154 159 165 171 176 332 337 348 347 374 387
-m 179 187 195 203 212 220 380 194 207 422 435 448
Mt 438 457 476 495 514 513 552
e 179 187 194 202 210" 218 227 234 ot 249 257 265
:5 82 85 88 91 95 98
0 123
MT 27 28 29 i 12 33 3% 3% 37 18 39 4l “2 3
NE - ) 155 159 163 167 171 175
“wv 21 21 22 23 2% 25 5 26 27 28 29
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FIGURE 24 (CONTINUED)

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

NH 38 39 41 43 I 46 47 49 79 81 88 88 90 93
NJ 218 227 794 433 450 469 486 504 523 $40 559
Ny 35 36 7 62 65 68 71 % 77 eo 82
NY 382 396 409 768 798 828 858 888 918 948 978 1008 1037 1068
NC ' 217 225 234 262 250 25¢
ND 18 19 20 20 21 22 23 26 41 42 ’ 44 45 47 47
" 476 497
ox 118 123 127 131 136 140
OR

PA 504 526 549 982 1019 1058 1095 133 1171
RI 27 29 30 3l 32 % 35 16 62 65 67 68 70 73
sc 102 106 110 114 118 121 125 129 133 137 141
S0 22 22 22 22 22 22 23 43 44 45 46 47 4
™

% 462 479 497 515 533 550
ut 44 46 48 50 53 55 57 98
VT 19 20 T 22 22 23 24 25 40 43 44 45 47 48
vA 195 203 210 217 225 232 387 405 422 438 456
WA )
wv
Wl 66 69 72 15 78 80 83 86 89 237
wY 1 12 12 13 14 14 15 15 16 16 17 18
4 . 3
¥

. 72
Q 7

ERIC

Aruitoxt provided by Eic:

.




- -

(spuesnoyy uy) aamoduey Te30]L

60

50

40

30

20

10

! FIGUKE 20 - PAGE 45
TOTAL "ANPOWER DEMAND BY YEAR
(COMPARISON OF THREE STUDIES)
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\l\ . III: SKILLS ANALYSIS

Id
.-

X

4

L

fhe Skills Analysis Group had as a primary task the detefmination qf
the solar-trained, skilled manpower required per solar system for design,
installation, and maintenancé. A secondary task was the determination of
the tasks performed by and skills required of the trained manpowep so that
matérial that should be included in a solar technology curriculuif;g;ld

‘,be available should the need for such a curriculum be estahlished.

A. DEVELOPMENT OF TASK ANALYSIS &
In this section, a contractor survey is described which was used

to identify EPe manhours required for the design, installation, and mainte-

nance per soiﬁr system. Then a task inventory is described which was

d&veloped to list the tasks perforﬁed by solar workers. - Finally, & task

analysis is described which was developed by further breakiug down the'

tasks into all the steps (activities) required for the design, installa-

tion, and maintenance of solar systems.

A.1. CONTRACTOR SURVEY

Tﬁe Contractor Survey form (Appendix J) was designed to obtain total
job m;nhours for the design, installation, maintenance, and repair of
solar energy systems. It was also expected to idenfify the most experi-
enced® solar contractors who would be asked to confirm the task inventory.

The Contractor Survey form included an information page and checklist
for the type of system the respondent had last installed. The respondent.
was asked to describe the system he last installed and to supply overall

manhours for the design, installation, maintenance, and repair of that

~46-
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system. The respondent was also questioned regarding the number of solar
installations he had completed. The answer to this question was an important
consideration in the determination of the most experienced professionals

\
for completing the Task Inventory at a later date. Lists of solar contrac-

tors were obtained from several sources, including the Solar Energy Indus-
tries Association, National Solar Heating and Cooling Information Center,

HUD and ERDA demonstration projects, and varioﬁs state solar-energy societies.
More than 650 Surveys were mailed to solar contractors, and more than 307
were returned. This 1s considered ... excellent response for mailed
questionnaires. .

The Contractor Survey provided the fotal m;nhours for installation,
and maintenance of a number of systems of varying size. It also provided
a check on other inputs to manhour requirements,

Mo;e than 907 of the systems reported were flat-plate collector instal-
lations. Of these approximately 707% were liquid systems. Based on this
sampling, it was decided that the "typical/average" system would be a
flat-plate, liquid collector, and times listed in the Task Inventory and

activities listed in the Task Analysis are biased toward flat- plate, liquid

systems..

A.2, TASK INVENTORY

A task inventory form was prepared which listed all the major duties
and associated tasks for the Jdesign, installation, and maintenance of
solar domestic hot water, hq@%}ng and cooling systems. This Task Inventory

is shown as Appendix K.

Three questions were asked for each task statement on the Task Inventory
\‘ -—

form.
1. How many people are“required to carry out the task?
4
2. How much time is required to carry out the task?

~47-
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'3, How difficult is it for a person to learn how to do the task?
"Learning Difficulty" was denoted on three levels =-- 1, 2, or 3, depending
on wgfther the task was 1 - easy to learn; 2 - moderately difficult to .
learn;'S - difficult to learn.

1..e'Task Inventory was circulated to people attending solar seminars
and was mailed to people in the solar industry to obtain their evaluation
of the ;ﬁventory and their response to the thrée questions for each task
statement., The returﬁ was pour. Another way to obtain the answers needed,
suggested by the proj¢ct Advisory Committee, was to assemble a panel of
consultants to provide)| the necessary answers. Consultants were chosen
who had been involved with the installation of large numbers of solar sys-
tems. The panel provided answers to tﬁe three questions and confirmed
ghe task list. In addition, .each task statement was classified as to the
trade which traditionally might perform that task.

Two valuable services were performed by the panel. First, the
summation of all the individual task times agreed with the total
job times obtained from the Contractor Survey and was thus a éheck
against that input. ‘Second, the classification of each task statement as
to the trade that normally or traditionally might perform that task made
possible a comparison of learning levels for a type of tradesman. This
comparison is discussed in Section B. The Task Inventory served as a basic

structure from which the Task Analysis was derived.

A.3, TASK ANALYSIS

The purpose of the Task Analysis (Appendix L) was to provide a
detailed listing of the steps typically performed for the design, instal-
lation, and maintenance of a solar system, so that a solar techﬁblogy
curriculum could be developed should the need for such a curriculum be

established. This Analysis also lists tools and equipment, materials and

-48-
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components, required science\¥q§ mathematics, and a performance objective

for each of the duty statemen%hl The sglar tasks were taken directly

from the Task Inventory and are listed as Appendix M. For each activity

statement the science and mathematics skills are given in that Inventory.
Any task analysié consists of a listing of duties required to accomplish

a job. Further breakdown of the duties are called tasks. Breakdown of

the tasks into steps are generally called activities.

B. ASSIGNMENT OF TASKS TO TRADES .

Each task statement in the Task Inventory was labeled and attributed
to the tradesman who normally or traditionally might perform that task.
This made possible the formation of two wmatrices (Figure 21 and Figure 22)
whiéﬁ can be used to compare the learning difficulty levels yith the type
oftradesmaﬂ\for solar design, installation,.and ﬁaintengnce. The times

given apply to a system consisting of space heating plus domestic water

heating. It is a "typical" system utilizing 300 square feet of water

collectors.

B.l. TRADE MATRICES

Down the left side of each matrix is listed thé tradesman who would
be expected to do the type of work for each task. Across the top are the
"Learning Difficulty" levels as given in column 3 of the Task Inventory.
Each "level" is further broken down into Design, Installation, and Main-
tenance (denoted by Des., Ins., and Mtn.). In Figure 22, man-minutes are
listed for a flat-plate, liquid system. These times were taken directly
from the Task Inventory, and are listed on the matrix according to tradesman
and learning level Egﬁich is “urther separated into design, insgallation,‘
and maintenance). The percentages, shown in parentheses in each square,

Y, were obtained by summing all the times (Des., Ins., and Mtn.) in the square

-49-
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FIGURE 21.

N , TRADE MATRIX, FLAT PLATE - LIQUID SYSTEM
LEVEL 1 LEVEL 2 LEVEL 3 TOTALS
! re———
Des. Ins. Mtn, Des, Ins, Mtn. Des, Ins, Mtn, Des. ‘|Ins, Mtn.
e | .
SOLAR 185 30 0 215 120 120 | 1175 240 (O 1575 | 390 120
215  (2.3% 455 (4.92) 1415 (15.2%) 2085 (22.4%)
HVAC 215 5 o ‘| 285 60 0 0 0 0 500 | 65 0
220 (2.4%) 45 (3.7%) . R 565 (6.1%7)
PLUMBER 0 |1200 560 0 | -2040 48 0 | 1200 0 | 0 | 4440 608
1760 (18.9%) 2088 (22.4%) 1200 (12.9%5 . 5048 (54.2%)
-
;ggii 0 0 0 0 0 0 0 0 I 0 0
ELECTRICIAN 0 0 0 0 0 0 0 480 0 : 0 480 0
‘ 480 (5.2%) 480  (5.2%)
CARPENTER .0 | 100 0 0 o | o 0 0. 0 0 | 100 0
100 (1.1%) . ' ' " 100 (1.1%)
OTHER 0 0 185 0. | 840 0 0 0 0 0 | 840 185
185 (2.0%) 840 (9.0%) 1 1025 (11i0%)'
: . /
TOTAL 400 | 1335 745 500 3060 | 168 1175 | 1920 0 2075 | 6315/ | 913
16.1% | 53.8% | 30.1%| 13.4% | 82.1% | 4.5% | 38.0% | 62.0% 22.3% | 67.9% | 9.8%
2480 (26.7%) 3728 (40.0%) 3095  (33.3%) 9303 (100%)
80
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SOLAR
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PLUMBER
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OTHER
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TRADE MATRIX,

1

FIGURE 22.
FLAT PLATE - AIR SYSTEM

LEVEL 1 LEVEL 2 LEVEL 3 TOTALS \
Des. Ins. Mtn. °]Des. Ins, Mtn, Des, Iﬁns. * |Mtn, Des. Ins, Mtn,
185 30 0 215 12bJ» 120 | 1175 240 o | 1575 390 120
215 (2.1%) 435  (4.4%) 1415  (13.6%) 2085 (20.1%)
215 | s 0 285 60 0 o | o o | so00 65 0
220 (2.1%) 345  (3.3%) 565  (5.4%)
o | 120 15 0o | 240 0 0 0 0 o | 375 | o
135 (1.3%) 240 (2.3%) f 375 (3.6%)
0 | 1440 60 0 | 2820 0 0 | 1440 0 0| 5700 60
1500 _(14.4%) 2820 (27.1%) 1440  (13.9%) 5760 (55.4%)
0 0 0 0 0 0 0 480 0 0| 480 0
_ 480  (4.6%) 480  (4.€%)
0 | 100" 0 0 0 0 0, 0 0 0 100 0
100 (1.0%) 100 (1.0%)
-
0 0 185 0 840 0 0 0 0 0 840 | 185
185 (1.8%) 840 (8.1%) 1025 (9.9%)
400 | 1695 | 260 500 | 4080 120 {1175 | 2160 o 12075 | 7950 365
17.0% |72.0% | 11.0% | 10.6% | 86.8% | 2.6% | 35.2% | 64.84 20.0% | 76.5% | 3.5%
2355+ (22.7%) 4700 (45.2%) 3335 (32.1%) 10390  (100%)
I



and dividing by the total job time, shown in the bottom, right-hand square.

In Figure 22 the same data are shown for a flat-plate, air syétem
rather than liquid. Note that for the 1iquid system, no sheet metal man
is required, but the plumber is still required for the air system becausé
of the need for domestic hot water. (The matrices do not inciude time
for design or installation of the conventional auxiliary system; otherwise
the HVAC and sheet metal personnel times would’be increased significantly.)

For eituner system, some interesting observations can be uaée. First,
the "solar" skills are needed a little more than 20%Z of the time. Second,
the HVAC journeyman skills are needea'SZ to 6% of the time, nearly entirely
during the design of the system for calculations of the space heatin; and
space cooling loads. Third, plumbing skills for a liquid system are
required approximateiy 557 of the timey and this same percentage applies
to sheet ﬁetal skills for an air system. Last, electrician skills are
required about 4% to 5% of the time, carpentry about 1%, and other (i.e.,
the homeowner, general laborer, commercial insulator, etc.) skills are
required about 10Z of the timne.

Of the total time 1 quired, approximately 257 involves Level 1 tasks,
45% Level 2, and 307 Level 3. Also, of the total time, approximately 20%
involves design skills, 70% installation skills, and 10Z maintenance skills.

It must be remembered that these figures appl- to a 'typical" system
of approximately 300 square feet of collector area.

In sume cases, task: c¢r skills attributed to one trade could just as
easily have been attributed to another. For example, some wiring tasks

could have been assigned to an HVAC journryman rather than to an electrician.

8.2, CONCLUSTONS DRAWN FROM MATRICES

Conclusions to be drawn are that the plumber (for liquid systems) and
the sheet metal worker (for air systems) already possess better than 50% of
-52-
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the skills required to ‘astall a solar heating and cooling system. The
"solar" skills are required only 20% of the time and are primarily design

skills requiring a fairly high level of scientific and mathematicsl knowledge.

C. "SOLAR'" TASKS

From the task analysis, the '"solar" tasks were identified (Appendix M)
and assigned to either the '"Mechanic'", or the hTechnician".

The tasks which were assigned to the solar "mechanic' are referenced
to the Task Inventory (Appendix K) described previously. These tasks,
taken directly from the Inventory, are as follows:

(a) Under.the Installation Stage - '

J.3: Mcunt each collector.
(b) Under Maintenance -
M.12: Check normal positions of motorized valves and dampers.
M.13: Monitor flowrates and tgmperéture differentials to
| test system operation.
The tasks assigned to the solar "technician" are also referenced to
e the Task Inventory. Basically, the ''technician" is responsible for the
design phase and overall system check-out. Specifically, these duties
and tasks are as follows: e
(a; Under the Design étage -
A: Calculete hot water load.
D: fuoose collector type.
E: Calculate solar gain on unit area basis.
F: Determine maximum evailable rollector area.
G: Determine optimum collector area. -
H: Dercign fluid flow systems.

(b) Under the Instaliation Stage -

-2.3-
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L.1: Check out the system powered components.
L.4: Calibrate and test solar temperature differential controls
and test system operational modes.
If the times required for performing each task assigned to the solar
"mechanic” are summed and that sum is divided by the total time required
to produce the “Typi;;l" solar energy system (as defined ifi Chapter II),
the result will show that only approximately 2% of the time is devoted to
these lower level (installation/maintenance) "solar' tasks.
A similar calculation made for the tasks assigned to the solar "tech-
o nician" indicates that approximately 20% of the time to produce the

"typical" solar energy system is devoted to these higher level (design/

installation) '"solar'" tasks. (See Figure 23.)

D. EDUCATIONAL REQUIREMENTS

D.1 SOLAR MECHANIC TRAINING

A solar "mechanic" is a person whe is expected to perform entry level
tasks of installétion and routine wmaintenance on solar energy systems.

The educational background required for the solar "mechanic" to be
able to learn the above "solar" tasks is as follows:

(1) A high school education

(2) Experience primarily in plumbing (for liquid systems) or in

sheet metal (f.r air svstems)
Thus, the educational background for the solar "mechanic"

is the education of the practicing piumber or sheet metal tradesman. The
conventionally trained tradesman in plumbing, shecet metal, or heating,
ventilating, and air conditioning can be taught to perform the éi "solar"
tasks in order to serve as a solar 'mechanic'".

A program.ro trair solar mechanics who have no trade experience or

v=54-
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SOLAR TASKS BY LEVEL AND TIME

FIGURE 23

FLAT-PLATE - LIQUID SYSTEM (TOTAL MAN-MINUTES = 9303)

LEVEL 1 LEVEL 2 LEVEL 3 TOTALS
SOLAR
Des. Ins. Mtn. Des. Ins. Mtn, Des. Ins. Mtn. Des., Ins., Mtn.
TECHNICIAN 185 0 0 215 120 c 0 . 1175 __240 0 1575 360 0
185 (2.0%) 335 (3.6%) 1415 (15.2%) 1935 (20.8%)
0 . +
. MECHANIC 30 0 0 | 0 120 0 0 . 0 0 30 120
30 (0.3%) 120 (1.3%) 150 (1.6%)
FLAT-PLATE - AIR SYSTEM (TOTAL MAN-MINUTES -= 10390)
LEVEL 1 LEVEL 2 LEVEL 3, TOTALS
SOLAR
Deer. Ins., Mtn. Des. Ins. Mtn. Des. Ins. Mtn. Des. Ins. Mtn.
18 0 1 12 0 ! ) 4 1575 350 0
TECHNICIAN 5 0 215 0 1175 240 0 ¢
- 185 (1.8%) 335 (3.2%) 1415 (13.6%) 1935 (18.6%)
MECHANIC 0 30 0 0 0 | 120 0 0 0 0 30 0
30 (0.3%) 120 (1.2%) i 150 (1.5%)
S¢




training would devote a large portion of training time to ccenventional
skills and a much smaller portion to "solar" skills, such as through a
certificate program. An institution tradning "mechanics" possessing con-

ventional skills would likely offer a program to teach "solar" skills

through short courses, : ’

D.2., SOLAR TECHNICIAN TRAINING

A solar technician is a person responsible for the design of a solar
energy system. The technician 1g also responsible for overall system check
out and for troubleshooting in case of repair. He is expected to have
enough knowledge and skil s to perform solar related tasks of relative
sophistication. )

The educational preparation to enable the solar ''technician' to perform
the above tasks includes the following: |

(1) A high school education

(2) Basic mathematics

(3) Basic physics

/”*\

(4) Basic computer programming

p——

(5) Basic heat transfer theory

(6) Basic fluid flow theory

(7) Drafting/blpeprint reading

(8) Sun/earth relationships and other environmental problems

(9) Basic engineering technology.

The education necessary for a solar '"technician" exceeds that of a
typical tradesman, and is beyond the high school level. The conventionally
trained tradesman in plumbing, sheet metal, or heating, ventilating, and
air conditioning can not be easily upgraded to perform the tasks of the
solar technician, which amount to approximately 20% of the total time

required to produce a solar enersy system. The technician's tasks require

Sy
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design skille and thus demand scientific and mathematical knowledge. These
' persons require educaﬁ&on and training which differs from present trade
programs. The best way to train these technicians would be through a‘ne&,

educational program, similar to a two-year vocational training program.

E. MANPOWER AT VARIOUS EDUCATIOUNAL LEVELS

The quantitative ﬁanpower demand at various educational levels must
be determined to justify the development and iﬁplementation of any tyne
of chriculum. The final results of this project should serve as a gulde-
line that clearly establishes the type of curriculum needed to train
perscns in the solar energy industry. This section combines the results
of the section which contain the percentages of total jcb time computed ,
for both the mechanic and the technician, and the results of the section
which contain the total manpcwer required for the solar energy heating

and cooling industry,.

E.l. SOLAR TECHNICIAN DEMAND

Approximately 20% of the time required to produce a solar heating sys-
tem is involved with technician level tasks. Thus, the demand for solar
technicians should be one-fifth of the total manpower required for the
solar energy industry. In the design, installation, and maintenance of
a sélar.domestic hot water system a technician would be required for
approximately 10 hours. For a combined space heating/domestic hot water
system approximately 30 hours would be required of a technician. For both
new and retrofit installations, the solar technician must devote some of
his time to the interfacing of the conventional and solar energy systems.

" He would also be expected to spend some of this time in a sup.:visory and
administrative capacity. i

The region : manpcuw<t demand by state for solar technicians based on

the UNM szudy 1is shown in Figure 24. The technician demand fc:r 16 regions



(spuesnoy], uy) SUBIOTUYDI] IEJOS 103 puewa(q

12

10

FIGURE 27 - Page 63
DEMAND FOR SOLAR TECHNICIANS BY YEAR,

COMPARISON OF THREE STUDIES
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based on the MITRE report is shown in Figure 25. For SEIA no regional

manpowef data aré-available. The overall technician demand is shown in

Figuré 26 along with the overall demand for each year based on the other
" two studies.

For comparison purposes, the demand for solar technicians for each
year is plotted‘in Figure 27. Each of the three studies indicates an
‘increase in demand with succee&in years., According to the MITRE study,
the demand will rise 1inear1y,én/Zmall increments. The UNM study predicts

- that the»demand will increase linearly with substant&al increases in the

yéars 1980, 1985 and 1990. The demand for solar technicians based on the

SEIA study increases exponentially following a conservative beginning.




FIGURE 25. -
‘\“.
DEMAND FOR SOLAR TECHNICIANS BY REGION
BASED ON MITRE REPORT

REGION 1978 1980 1985 1990
BOSTON 53 108 217 260 -
WASHINGTON 48 107 304 * 529
ALBANY 23 50 154 © 270
LOS ANGELES 135 276 738 1046
CHARLESTON . 107 246 786 2060
 BISMARK ° 27 54 126 '194
NASHVILLE ' 116 259 912 2207
FORT WORTH 86 193 787 1763
OMAHA 26 54 176 305
SEATTLE 5 15 33 73
PHOENIX ' 12 .30 84 179
MIAMI 27 58 258 636
MADISON 43 87 228 362
CHICAGO 14 24 . sl 68
CAPE HATTERAS 8 18 ; 67 151
ATLANTA 2 5 ; 32 47
TOTAL 733 1585 4956 10153
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FIGURE 26.

- OVERALL TECHNICIAN DEMAND

UNIVERSITY. OF

YEAR NEW MEXICO SEIA MITRE
1978 700 254 733
1979 1096 761 : -
1980 3443 67 1585
1981 3645 363Y -
1982 4465 . 6184 -
1983 4616 , 8783 -
1984 5429 11417 -
1985 . 7907 16465 . 4956
1986 8559 22386 -
1987 9269 29740 ;-
1988 - 10007 . 38793 -
1989 " 10853 50225 . -
1990 - 11595 | 64823 10153
1991 - 79731 -
1992 - | 193614 | -

5
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E.2. SOLAR TRADESMAN/MECHANIC DEMAND

. Approx%pateli 2%.of the time requiréd to produce a solar heating
system is involved with "solar" tasks that are assignable to the solar
mechanic level. It seems impractical to assume that a ﬁerson would Qevote
100% of his time at this level of performance as a solar mechanic. Rather
he would berexﬁected to devote the majority of his time to conventional
tasks, but would also be capable of performing.the "solar" tasks when
needed. Eighty percent of the solar work force will 5e comprised of

"mechanics''.

o . ag "
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TR
A. SKILLS REQUIREMENTS

This section deals with both the time required for design,

{ installation, and maintenance pef solar system and the skills necessary
to perform the required tasks.
* ’

A. 1 MANHOURS PER SOLAR SYSTEM

Four inputs were used in determining -the "typical" hot water and
space heating/ﬁot water systems:

1. A contractor survey. _

2. A manufacturer/distributor/dealer survey.

- 3. Experts' evaluation. : ’
4, A task inventory. ! "
A Each of the above is deseribed in detail in Chapters II and III. The
average manpower requirements per solar system are presented in thé
Figure 28. R
FIGURE 28.
MANHOUR REQUIREMENTS FOR "TYPICAL" SOLAR SYSTEMS
. : Space Heating/
Hot Water System Hot Water System

Design 10 30
Installation 40 135
Maintenance (yearly) 2 10
Total 52 manhours 165 manhours
Solar Tasks and Workers

Using“the Task Analysis (Appendix L), the '"solar" tasks

‘ﬁw »
were identified. These solar tasks were then divided intc two cate
AN
-
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i Solar Mechanic

H

A solar.mechanic is_a person who is expected to perform basic or entry
level tasks of installation and‘foutine maintenance on solar systems.
; “, Only-tvé percent of the total manhours required of the mechanic on a
.\\ solar system must be devoted to tasks identified as ''solar' tasks. The
“Msolar" tasks to be performed by the solar "mechanic" are:

" 1, Mount each collector.

2, Check normal positions of motorized valves and dampers. .

————

AY

3. Monitor flow rates and temperature differentials to test

system operation.

The educational preparation for the solar "mechanic" to be able to

learn these "solar" tasks is as follows:
E - ' 1. A high school education,
' ' 2, Experience primarily in plumbing (for liquid systems) of in
sheet metal (for air systems), Y ,
Thus, the educatipnal background for the solar '"mechanic" is the educa-
tion of the practicing plumber or sheet metal tradesman with solar application.

o
Solar Technician

The solar technicign is responsible for the design phase and overall
system check-out. Specilically, his "solar" duties and tasks are:
- w

1. Calculate hot water load.

2, Choose collector type.
é. Calculate solar gain on unit area basis.
4, Determine maximum available collector area.
5. Determine optimum collector area.
; 6, Design fluid flow system.

7. Check out the system powered components.

-66-
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8. Calibrate and test solar temperatq?e differential coqtrols.

9, Test.system operational ﬁodes.

The educational requiremenéQ for the solar "tgchnician" to be able
to.pgrform the above.ﬁasks include the following: '

i. A high scpool education

2. Kﬁowlédge of basic mathematics

3. Basic Phyéics

e

4. Basic computer programming
5. Basic heat_tr;nsfer theor& -
6. Basic fluid flow théory

~ 7. Drafting/blueprint reading %
8. Astronomy (sun/earth relationship)
9. 'Bﬁsic engir ..ing.

Thus, the education necessarfafor a solar "technician" exceeds

that of a typical tradesman, and is beyond the high school level.

A.2. CONVENTIONAL TRADESMEN TASKS

. HVAC fourneyman skﬁlls;éré needed for 5% to 6% of the time required
to desigg, install, and naintain a solar system, attributable almost
entirely to the design stage. Plumbing skills for a liquid system are
requi?ed approximatel§ 55% of the time, and this same percentage’ applies
to sheet metal skills for an air system. Lastly, electricia% skills are
required about 4% to 5% of the time, carpentry about 1%, and general skills

about 10% of the time, .

B. MANPOWER REQUIREMENTS

Tie total manpoweyr required for the solar industry as well as the

manpower to be trained at various educational levels are described in

this section. The details on total manpower requirements are discussed
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in Chaptar II. Details on various esducational requirements are discussed

in Chabter ;I}.‘ The yearly increment in manpowér demand and rate of , L_-)>

. N,
supply are discUlsed in this sectifn.

B. 1 TOTAL MANPOWER

The University of New Mé#ico, MITRE, and SEIA studies were used
to determine the demand for solar equipment. Based on each forecast, .
the p;ojections of manp;wer demand are calculated and listed in Figures
14 through 19, For-comﬁariéon purposes these projections are plotted
on a yeafiy basis in Figure 20. The forecast based on the SEIA study
éives thé highest figures, amounting to approximately 80,000 practicing
solar wurkers in the f;e}? in 1985. The forecast based on the University o

of New Mexico study predicts that nearly 40,000 people will be working

iﬁ\ths\f?eld in the year 1985. The most conservative forecast, based

-

on the MITRE‘étudy, predicts that 25}000 people will be working in the"
field in the same year:- These numbers are for the regidential gector
alone. Ther;.may be a substantialmdemand in other sectors as well.

By 1990 this demand is expected to increase to a minimum of 50,000
workers in the field, according to the MITRE and UNM studies, and to

325,000 people according to the SEIA étudy.

B. 2 REGIONAL DEMAND -

Y ,The UNM study which predicté regicnal demands indicates that the
northeaste;n and north central parts of the country wili'require the i
larggst portion of manpower Qy the year 1985. The states of Pennsylvania,
New Yoik, New Jersey, Massachusetts, Michigan, Minnesota, and Connecticut

head the demand list.. Other states with high demand for solar manpower

are California, Florida, Texas, Virginia, and North Carolina. By 1990

-68~
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high.demand for solar workera is found in Illinois, G;ofgiéz Alabéma.. .
Iowa, and Ohio as well. |
Based on the MITRE study, in 1985 the regions represepté& by
' ®Washington, Miami. Fort Worth. Nashville. Charleston. and Los Angeles
will have substantial demand for solar manpower, and by 1990 the regions
represc..ed by Madison, Omaha, and Boston will be added. A comparison
of these regional demands shows that these two studiea agree on the regions
1of high manpower demqu._ The SEIA study doss not -list the gemand for

. ¥
- solar equipment by region. : .

© e

B, 3 SOLAR TECHNICIANS
The demand for solar’ technicians Eomprise; one-fifth of the total
manpower requirement. Thus, the demand for solar technicians in l985,by
the solar inddstry ls expected to be at least 5000 according to forecasts
'basedron the MIlRE report. Thig demand grows to neagly 10,000 by 1990.
-Bdsed on the UNM and SEIA studies, the demand-is 8000 and 22,000 solar

technicians, respec;ﬁvely, in31985. and grows to 12,000. and 65,000 in 1990.

€ -
.

The geographical regions with high demand for solar technicians are the
~ : .

same as those mentioned above. N ’
C. TRAINING PROGRAMS
It 18 noted in Chapter III that a minimum of new training programs
will be required to train solar mechanics. Most of these should be
programs concentrating on HVAC and plumbing training with 2% solar skill

/

instruction. However, solar technician training wi}l require a new program.

’

Typically, community colleges train techuiciansv@ﬁd tradesmen with two-yearh

Associate Degree programs and supply the manpower for various industries.

Assuming that solar technicians will be trained by community colleges,

\
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it is important to know.the number ofgcoumunity colleges that

.

should be engaged in training these individuals to satisfy the '

-

’

expected demand. To determine this/humber; the yearly increment'in ‘
\“ '
manpower demand was calculated using forecasts based on UNM, These(

data are plotted in Figure 29, Nearly(4000 workers must be trained properly

every yeag to fulfill the increment in demand up to 1985, This steady rate

must be maintained to eﬁsure the continued growth of the aqlaxr field, Of -
these 4000 people, at least 800\must be trained at thé solar technician

level every year. A community college 6n the average could train 50 solar

technicians a year. Thus, 40 community colleges should be engaged in

Y

“training these solar technicians by 1985. L ‘ v

\p ‘ !
P .

v —/ .
In the years fromfl985 to 1990, the steady rate of supply must

be increased to nearly 6200 total workers and &k least 1200 solar

A

'.technicians, implying that another 40 shools will undertake the responsi-

_bility of training these technicians. ™ . . ‘”

~— . : ™. .
s , _
Based on SQ%A study, the yearly increment in manpower demand is

[

. calculated and is plotted in Figure 30. The average rate of trained

-

manpower production must be 9300 per year up to 1985, implying that nearly
40 schools should be engaged in training nearly 2000 ‘solar technicians.
Between 1985 and 1990, this average rate of production of solar technician
increases to 9000 per year. .This would reguire that another 140 schools
begin training solar technicians during tkis time period. ¢

For years 1991 ‘and 1992 the rate of production of solar technicians

increases to nearly 14,000 every year requiring 120 more schools for

training.

- -70- i
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A. QUALITATIVE FACTORS OF SOLAR WORKER TRAINING -

Al ' . ° ' . . Tt N
’ . - \ : .
A4 . . ¢ . ) .
. R N . . . ’,,_ .

install ahd mainélin solar systems. Due to the eosts of developing and N

‘gkills, as:nell.as solar skills.

V. CONCLUSIONS AND RECOMMENDATIONS S

hd “

If government and indusfry are to be successful in stimulating

commercial use of solar energy, they musticoncurrently provide'for the, -

'denelopment of a'manpower reqcurce with the knowledge and skills to . < ,)qt

. \{\

implementing a'new curriculum, as'welléfé'substantial investment required

s s ; - '

from those who,undertake the training, there should be a well-founded =
@ . > ‘-:)’I

A ) .

‘expectationﬂthat there will be a clear dLmand for the” training and for @ Y

o t .. [¢]

the graduates of the training program. The purpose of this research
project has been to identify the quantitative and qualitative needs

of a trained manpower pool for the solar energy’industry as it relates

to the residential market in the United States. y -« y

o ]

Ty

] . . ’ )
i é - q

Thtre are Jwo major conclusions concerning theNEnaLitative asﬁEcts

. - d

of solar worker training. ' ( : : ‘ ‘E .

1. - Solar workefs are categorized into two distinct classes.

‘«'\\' - T

a) technicians, and b) mechanics., -° AN
/..
*2, There is a’ need tor solar workers to be trained, in conventional

©

heating, ventilating, and air qonditioning (HVAC) skills.and plumbing P

A. 1 SOLAR ‘TECHNICIANS “

The solar technician has knowledge and skills Sp?%}fiCnto solar

system design,'installation, andqﬁiagnostic'troublesbooting. Solar,
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technician training will be a two year program similar to training for

. HVAC technicians. The need for a solar technician training program is
. s
immediate, but varies by region and time of implementation.

i A. 2 SOLAR MECHANICS - -
" The solar mechanicvis defined as a tradesman who has knowledge"

of solar, systems. There is a need for an educational:grainingx

', program“for workers in the solar mechanic class if the individual :

3
-3
does not have previous knowledge and training in HVAC and plumb-
‘ing. - Today, solar mechanic training for mechanics with HVAC y
“ and plumbing-backgrounds is being done either hy the solar industiy ~ J

) manufacturers, distributors,'and dealers, or through additions or options

» Ty -
0 '
. to convehtional ;echnical-vocationalnprograms and continuing educatisn '
¢ : [
‘ clasaes. ‘This trend will. nrobably contihue in the future.p For those
- ¢ A
with no previous training in these areas, solar options must bergdded

to curricula in conventional HVAC, plumbing, and related ves at&onal

bt i

’ ? N

/. programs at educational’ institutions. _ ‘
3 " . ) e R . ‘ _ 2
0 A. 3 TRAINING REQUIRED - “ S \ “ |
:‘. : In analyzing the tasks for*design, installatipn, ‘and maint;nance
of solar systems, it was discovered that the solar dgskp accouhted -
; > (
' ? for approximately 22% of the total tagk time. The majority of "installation’
‘ skills are plumbing—trade related for-liquid-type solarﬁsystems“and the
majority'of installation skills are sheet metaletrade related for air-type
‘* ' solar systems. vThe solar systemldesign.skilla are.divided bétween
’ conventional HVAb skills,‘approximately 25%lof_design tine, and ;hose‘.
' skills specifically related toﬁsolar, approximately 75%. -j\
“ The earnings of the solar technician should be comparable to that of
| s . o - o
) . , . Py
. . YA .
: e,

*u
¥

-\),‘ S/ , 1 ’y ‘ ' ' :
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frained plumbers and HVAC tradesmen. The earnings of ,the solar mechanic

-

. should be comparable to that of trained HVAC or plumber journeymen.
' . 3
B. THE QUANTITATIVE DEMAND FOR SKILLED SOILAR WORKERS

b

A substantial demand for trained.-skilled"solar workers will

A

¢ l develop concurrently with the demand for solar equipment. The manpower

forecast is a direct function of the equipment market studies which . N

_ show the following general pattern of development. C "\
1. There will be at least 2.4 million solar units installed -
\ < " - . .~ ’5 )
by 1985. ' | ’ ' :

2. Tneée must be a minimum of 25,000 skilled workers in the stlar '

? )
?

fieldby1985. - Ve e Lot | T

3 - }

. 3. One-fifth, or 5000 of the solar workers must be trained at
R ) ] N
- X the technigian level.

B. 1 SPACE HEATING~___

Ll , Demand for solar space heating will increase in the ‘Canadian border
>
. ‘.statés, in the extreme northdast, and north-central parts of the nation\\ ¥ -

‘ bewteen the present and 1980. Between 1980 and lQSS,'the»midle-belt

states show increasing demand. As expected, far fewer space heating

¢ systems are forecast for the sur belt states. 7
* 14 9._‘ :‘.'

'B. 2 WATER HEATI%G ':‘ - <
‘ Demand fo? solar wager heatinhg (without space heating) is | o ‘ "
. - géographically scatiéred. The trend for implementation seems to qepend |
S » directly on ineolation and electric rates. '
- . N

C. -SUPPLY OF SOLAR SKILLED WORKERS B _ L

h LI
.

:Eiéhty tecHnician'training.schools with ‘'solar programs w}ll.be "o

( Ve !
. ] .
.
? ¢ ’ v

\ )

ok 108 AN o
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needed, each graduating SO;tééhnicians per year, between the present

‘ and 1985. To fill -the yearly demand for technicians between 1985 ang.
1990, 40 additional 'schools will be required. The regional developmeqt
cf these schools should follow the regional demand for instagled systems.
The lead time required for institutiqg new programs in vocational and
technical schools is generally about 3 years.. Impleﬁentation of solar
training programs ih the regions indicated/ié this report must be started
immediately if the 1985 demands for skilleé pérsonnel are to be met.

oy

D. RECOMMENDATIONS

Recommend:

1. That fhg solar mechanic.training programs noﬁ‘being undertaken
by sola; manufacturers, distributors, and some trade unions be continued.
This training'shoald also be conducted thrdugh short courses, continuing
education programs, and certifiéate programs, ' : ' /

2. That the development of solar technician training programs be
begun immediately. \

3. That the bésic technicién training program contain the flexibility
to accommodate local/regional variations and future developments in the

solar industry. ol o z
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Contractors' Survey, Statistical Analyéis
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Contractors' Survey Form

Task Inventory Form

Task Analysis
Task Analysis, Solar Taské
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APPENDIX A .

NATIONAL ADVISORY COMMITYEE

The progréss of this project has been continually monitored by
an Advisory Committee composed of experts in the fields of solar energy
and education. They have provided input on the state of the solar.field,
helped formulate project assumptions, read conclusions, and provided

overall guidance and direction for research on this project.

¢
t
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COMMITTEE MEMBER {5

Mr. Sheldon H. Butt T

Mr. Butt is President of the Solar‘
Energy Industries Association and was
recently voted "Solar Man of the Year"
by that organization. '

Dr. John Davi? Gavenda ;

Dr. Gavenda is a Professor of Physics
and Education and has been involved
 for many years with'national science

curriculum development projects.

Dr. David Herriﬂgton

Dr. Herrington is Director for Training
.for Sheet Metal.and Air Conditioning
Contractors National Association and
is actively involved in trade education.

Dr. Milton E. ﬁérson

For the last quarter of a century
Dr. Larson has been engaged in
educational work. Technical
Education and Trade and Industrial
Education have been the focus of his
activity.

Dr. Michael Z. Lowenstein

Di. Lowenstein has been a Professor
of Chemistry and Energy Education

for the last thirteen years. He has
recently specilized in solar educa-

tion and is on loan to Navarro
College to direct a solar curriculum
development project.

-«

11
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MAILING ADDRESS

Mr. Sﬁeldop H. Butt
Olin Brass Company, Inc.
East Aysoﬁ. Illinois 62024

L)

Dr. John David Gavenda
Department of Physics
University of Texas.at Austin
Austin, Texas 78712
512/471-3201 ' .

]

Dr. David Herrington
AA for Tech. and Educational Programs
1900 L Street, NW, Suite 405 '
Washington ’ D. C. R .
202/833-9543 “r—

Dr. Milton E. Larson

Department of Vocational Education
Colorado State University

Ft. Collins, Colorado’ 80523
303/491-6857

br. Michael Z. Lowenstein, Director
Solar Energy Division

Navarro College *.

P. 0. Box 1170 *

Corsicana, Texas 75110
214/874-6501
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- Mr. J. G. "Glenn" Meredeith

Mr. Meredeith is President of Mr. J. G. "Glenn'" Meredeith, President
, Ham=Mer Consulting Engineers, ' Ham-Mer Cousulting Engineers, Inc.

Inc., a company that specializes ° ‘ 5000 E. Ben White Blvd., Suite 37

in Industrial Evergy Conservation. Avstin, Texas 78741

' He has been active ip the design .
of numerous industrial solar energy i _ '

installations. ]

Mr. Les Keliher _ _ . .
Mr. Keliher is a Vice President of . Mr. Les Keliher
Northrup, Inc., a company that is + Northrup, Inc.
extremely active in the manufacturer 7302 Nichols Drive
of concentrating solar collectors. Hutchins, Texas 75141

' . 214/225-4291 .

Mr. Dwight Fathmell

- .

Mr. Rathmell has served the project Mr. Dwight Rathmell .

N as a representative of organized ¢ Executive Secretary
labor. , ' ‘ - Dallas Bldg. & Construction Trades
| Council

7940 Northaven
Dallas, Texas 75230
214/691-2617  ~..

4

-

Mr. P. Richard Rittelmann

a

" Mr. Rittelmann is Fricipal - Burt Mr. P. Richard Rittelmann, AIA

' Hill & Associates, Architects. He . Burt, Hill Associates
has been the Project Architect . 610 Melon Bank Bldg.
for more than ten large solar energy Butler, Pennsylvania 16001

installations and has numerous publi-- 412/285-4761
cations in the area of solar heating
and cooling technology.

\ -

Mr. George Smith

Mr. Smith 1s a contractor who has Mr. George Smith, President
pioneered solar energy installations George Smith, Inc.

in the State of Texas. He conducts 501]); Duval

solar short courses for contractors. Austin, Texas 78751

[

Dr. R}JI. Vachopg

Dr. Vachon's a Professcr of Mechanical Dr. R. I. Vachon

Engineering and has been involved in Professor of Mechanical Engineering
several national solar demonstration Auburn University

projects. He has published widely ~ Auburn, Alabama 36830

in the area of Thermal Science. 205/826~-4574

o
+
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Mr. Péul Wengert )

+

.Dr. John Yellott

Mr. Wengert is Senior Operations
and Research Analyst for Owens-
illinois. He has been“extredely .
active in the area of forcasting
the financial inpact of solar
energy systeus.

£

&

Pr. Yellott is a Professor of
Architecture and is considerdd
to be one of the country's "Solar
Pioneers", having been active in
the solar energy field for more
than thirty years,:

¢

~ b
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“Mr. Paul Wengert ?‘

Corporate Planning TG

. Owens~Illinois

P. 0. Box 7035
Toledo, Ohio 43666
419/242-5543'm

Dr. John I. Yellott.
College of Architecture
Arizona State University
Tempe, Arizona 85281
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E . S APPENDIX B . .
’ l'l-' . \‘ ' - ' t l
CCNSULTANTS FOR TASK ANALY3IS '
, ' A conmittee of professionals was gathered tq develop the task

L3

analysis. " This appendix lists the committee members with their addresses

----- . and a brief statement of their qualifiéations. :
¢
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Mrx. Tom L. Hindes

- Mr, Daﬂcu P. Nolan

COMMITTEE MEMBER

Mr. Hindes has been.active for
mary years in. thé areas of occupa- .
tional task analysis and curriculum
development.

Mr. William C. Matlock

Mr. Matlock has an’ HVAC background.
His company has installed fifty solar
systems and ‘he is active in the design
of solar powered irrigation systems.

4‘.- . ’
" Mr. Nolan is President of Solar Age. .
Systkms and has completed several

solar heating systems in the North.
Texas Area. ¢

"Mr, David Rozell_

Mr. Rozell has designed- and teaches
courses on solar technology. He
also has field experience with _,
solar systens. :

Mr, David Springer

Mr. Springer has designed and
installed a large number of solar
systems.

,

‘Solar Age Systems
217 E. Hickory Street ' .
- Denton, Texas : ' '

L3 L

MAILING ADDRESS

. ’ -

Mr. Tom L. Hindes, Director
Instructional Materials Laboratory
Trade & Industrial Education

. The Ohio State University . -

1885 Neil Avenue
Columbus, Ohio 43%}0 d

4

Mr. William C. Matlock, President
Sunpower Systems Corporation '
2123 S. Priest St., #216 .
Tempe,. Arizona 85282,

-

-

Mr. Damon P. Nolan, Prebident

76201

N
Mr. David Rozell .
Solar Technician Training Project
Office of the State Architect
Dept.. of General Services
1322 "0" Street ' :
Sacramento, California 95814 :

Mr. David:Springer
Natural Heating Systems

' 2417 Front Street ,

West Sacramento, California 95616
' /
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> APPENDIX C

SOLAR EﬁERGY EQUIPMENT MANUFACTURERLS

) - .o '\ L 7

\ This appendix contains a list of manufacturers who are engaged
. ; . . ' :

in the proﬁuciipn-of golar quipyeht or in some aspect of solar

- ‘research, THis list was developed from advertisements in solar and".

-

{gngiqeering journals, from government pubL;cat}ons,'and from persoh}l
knowledge of project personnei.‘ Each manufaciurer was ho#tacted_by
letter.. » - _ : v : o B ,
| The manufacturers are listed Jhcé'alonq with %heir products or
researéh areas, and again with mailing a&Efesses and phcne.numbérs.

-

‘ 4 |

\

we



2T COMPANY |

,A. 0. Smith Corp.

Asarco- :

Acorn Structures
Acurex Corp.
Advance Cooler Mfg.

- Albuquerque Western Industries

Alcan Aluminum COrp

A.I coa < 1}
- Allied Chemical

Alpha Designs, Inc.

Alten Assoc, &lInc. -

~ Alternative Systems - A
American Appliance .
American Heliothermal

.American Solar Heat Corp.
. American Solar Power Ins. -
"American Sun Industries

Ametek, Inc.

Aqua Solar, Inc.

Aromore Textured Metals

* Arkla Industries, Inc.

"Automated Building Components, Inc.
Aztel Solar Co. -

* Barber-Nichols Eng1neer1ng

Bausch & Lomb .

Bell & Gossett

‘Be11 County Supply.

Berry Solar Prﬁgucts '
Beutels Solar Heating .
Bray 0i1 Co. -
Burke Ind., Inc.

Burnham Corp.

CBM Manufacturing Inc.

LSI SoTar Systems : A
-Calmac Mfg. ‘
Carrier
Catel Manufactur1ng, Inc.

Chamberlain Mfg. Co.

Champion Home Builders

Chemical Processors, Inc.
Clary-Corp. —
Coating Laboratorijes .o \\
. Cole Solar Systems A,
" Columbia Solar: Energy Div.
Communications-Satellite Corp.
Conserdyne Corp.

Contemporary Systems Inc.

Corning Glass Works

-

, Crimsco, Inc.

_PRODUCT
CODES

CS,DHW

1) -

_ DHN,SH

cc, DHW THW
DHW v
CC,DHW

DHW '
AP,CA,CF,PH
PC

PG
CF,DHMW,SH .

- DI

CF,DHW

CF, DWH

CF,DHW,ST-
CF,DHW
DHW - .
CA,CF

PH

AP

AC

AP .
CS,DHW,IC
AC

"CO

CS

‘DI

CA -
DI

F

PH

P

CF o h
CF4DHW
CC,DHW, PH
HP

PH

CF

CF,SH
CF,DHW -
CA - .
CF,DHW -

.CF,DHKW

PC

DHW

CF ,DHW,SH
CE

CF,SH

o

4
)



COMPANY

. Croton Chemical Co.
Crow-Sterner Assoc.
Crystal Systenis, Inc. .
Cushing Instruments
Dalton ‘Tanks and Supply Inc.
Daystar Corp. .

L.M. Dearing Assoc., Inc.

+* .Del So} Control Corp,

Delevan Electronics, Inc.
Delta-T

Desert Sunshine Exposure Tests, Inc.

‘Devices and Services Co.
Diy-Sol, Inc.  ~——m
Dow Chemical . e
Dow Corning . >
Dynaire
E&K Service Co.

E- Systems B
Eaton Corp
Ecotechnoldgy

- Ecotope Group
Edwards Engineering Corp.
Elcam, Inc. .
Energy Applications, Inc. .
Energy Converters, Inc. N

ergy Dynamics Corp. «
ergy Engineering, Inc.

Energy Systems, Inc. :
Enersol Co. -

Enertech Corp.

Eppley Laboratory, Inc

~ Erie Mfg. Co.

Fafco, Inc.

Falbel Corp.

Flagala Corp.

. Florida Solar Energy Center
" Ford Products Corp.

Friedrich .

Future Systems, Inc, .

Gener?i Atomic Co.

General Eleuirie Co.

" Genera. Energy Uevices, Inc.

G ]d, IHC. :

Grundfos Aump Co.

Ha & Mitchell
Hamilton Research .
* Hawthorne Industries 5

'Helio Assoc1ates
Helios Corp.

Heliotherm, Inc.

t

-85~

&

PRODUCT ‘
CODES

M= -

CE’F’P,PC ‘ ~N
HW

DHW -
CS,DHW =~
DHW

IC

CF,DHW,ST

HP

ST
CF

DI

DI

IM

CcS -

CF ,DHW,SH,PH
CC, DHW; PH

GF .

o~

CF,SH

* CC; IHW,PG

CE,DHW,HP,SH

_ CF,CS,DHW.PH,SH

cs
cs ,

CF ,DHW, HP,SH °

DHW

I o
CF,DHW -
CF', DHW , SH

CF



.. . ’ _ - * - PRODQCT
L 3 COMPANY: . CODES
f . \ ' : . ) . . . -
5 . Heliothermics - : ‘ CF ,DHW,SH )
Nl Heliotrope General . DHW,IC,PH * .
P Hexce] Corp. : cc
: Hi-Tech Inc. CS
- JHighland Plating, Inc. - _ CA
' HolTingsworth & Jackson ’ - DI
/Honey\'len, IHC- -" ’ ' . 2 CF’DHN,IC’SH
+ Hubbell ’ o) ST
/ I.B:M. ‘ “PC
‘ { IMC Instruments, Inc, . IM
' ~ITT Fluid Hdndling Div. - S
-, Ilse Engineering ) . CF
.~ Independent Energy, Inc. . IC
< Independent Living Inc. . - ; DHW ‘
* - Industrial Systems, Inc. . DI
« International ‘Environment Corp.  CF,DHW
International Rectifier . PC
. International‘Solarthermics - SH :
Intertechnolbgy ‘Corp. , .. AC,CF,DHW,SH -
Jackson Mfg. . CF,DHW -
' , Jacobs-Del So ar -Systems : cC
' Johnson Controls . : : IC
KTA Corp. . -+  CE4SH
Kalwall Corp. ' , ' CF,CS,DHW,IC,P,SH
Kastek Corp. : ' ‘ PH
Kennecott Copper Corp. ; ‘AP ,CF
. l.argo Solar.Systems ‘ CF,DHN,PH,ST
' kennox Industries, Inc. CF,DHW,HP,SH
Libby-Owens-Ford S CF
* Lof Brothers Soilar Appliances S PH.
**MND Ihc. : IM
* Mann-Russell Electronics, Inc. . IC
March Mfg. Co. . CS
Mar-Scot Solar Pac Systems DHW
Martin Processing, Inc. . . Co
Matrix, Ina. . . IM
McDonnell Douglas PG
Mid-West Technology AP
Mobi1- -Tyco / ' PC
. Mor-Flo Industries DHW
. Motorola, Inc. PC
, NRG, - Ltd. CF
National Energy Corp. DHW
National Plastics, :Inc. . CF,PH
National Solar Corp. CF
hd Natural Energy Systems CF,DHW, PH, SH
© Natural Power, Inc. : IM '
. Navajo Air Equipment DI -
New Jersey Aluminum, Co. _ CS N
Northrup, Inc. - ' CC,DHW,SH,PH ~
*  Q0.E.P. Products CF,DHW
..86..
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. N . . o .o A - PRODUCT
\ COMPANY CODES
€. . - ~ A ’
oM Brass, Inc. *AP
i Olympic Plating Ind., Inc. _ . GA v
Opticai Coating Lab, Inc. . B CA,CO
Opto. Technology, Inc . , . PC
\ Oriel Corp.. . ' . IM
Owens Enterprises, Inc. - ' - €C S
Owens-I11linois, Inc. . . CE . ;
S, PPG Iﬂd.. IHC. ' e f . eA’CF ' )
‘. Pad¢ific Sun, Inc. | : - DHW
' Payne, Inc. . ! »: CF
People/Space Co. o ’ ‘ . CF
S R-M Products . o . CF,CS ,DHN,PH
A Ranco ' . . IC
~ Raypak . : 2 CF,DHW,PH .
. Refrigeration Researw o .ES CF, IC DHW
- Research Products Corp. . .
. Resource Technology Corp. 4 . R F .
" Revere Copper ‘and Brass, Inc. .~ ' “CF.DHW,PH
. Reynolds Metals Co. » .' )
¢ Rho-Sigma IC
: ‘Roark, C.F., Welding & Eng1neer1ng Co. | DHW.;PH, SH
Robertshaw Controls Co.. IC.
Rockwell International . ‘ ET
SES, Inc. oL _ c
_ S.W. Enertech, Inc. S @ B
Scientific- At]anta ' . ' AC,CF,CC,CS,DHW,SH,ST -~
Scientifico ' . C :
* SEMCO ' : ) 2 CF
1 ergetics e _ . CA,CF,CS,DHW,P,PH, SH ST '
Sensor Technology, Inc. = - . ..PC ‘ L
Shaw Pump, Inc. C cS
Sheldahl Co. . o cC
Sigma ,Research, Inc. o : .. CF,SH
Siltec Corp. ' PC
Simons Solar EnvironmentalaSystems, Inc. DHW
- Skytherm Processes Eng1neer1ng : P
Sol-Aire = . + - DHW,PH ™
Solar, Inc. ' CF,ST o
Solar Age Systems e - SH !
Solar-Aire -CF,SH : :
Solar American PR CF ,DHW 4
Solar Applications, Inc. " | o CF 4 DHW
Solar Comfort Systems, Div. - DHW .
. Solar Control Corp. . IC,SH
Solar Conirollar Inc. ’ - IC
Solar Corp. of America » DHW -
Solar Development, Inc. CF,DHW,PH, SH
Solar Dynamics, Inc. CF,DHW,PH -
T " Solar Electric International, Inc. * HP
Solar Energy Products, Inc. . ' DHW
S " g
A=
-87- i
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R
COMPANY

Solar Energy Resources Corp.
Solar -Energy -Systems s
Solay Energy Systems, Inc.
Solar Enterprises, Inc.
Solar Industries, Inc.
Solar Innovatjors -

Solar Kinetifs, Inc.

Solar Kinet#s, Corp.
Solar,King,Inc.

+Solar Physics Corp. °

Solar Power Corg. AL
Solar Products .
Solar Research System

[

Solar Room' Cos '

- Solar Sun’

Solar Systems, ‘Inc. (WI)
Solar Systems, Inc, (TX)
Solar Systems Sales

Solar, Thermics' Enterprises
Solar Ugilities Co.
Solarator

Solaray, Ing. “
Solarcoa .

Solarex Corp.

* Solargenics, Inc.

Solargizer Corp.
Solaron "
Solarponics s
Solcan, Ltd.

" Solec International, Inc.

Solergy, Inc.

Sollos, Inc.:

Soltherm Corp.

Soltrax Corp.

Solus, Inc.

Southeastern Sblap Systems .
Southern Lighting Mfg. Co.
Spectran/Instruments
Spectrolab, Inc.

State Industries

Stolle Corp.

Sun Power Systems Ltd.

Sun Stone, )

Sun Systems, Inc.
Sundu~Co.

Sunearth, Inc.,

- Suneargy Power L.td.

Sunglaze, Inc.
Sunpower Systems Corp.
Sunstre~m

. . PRoDUT .
.. CODES ..

. DHW, PH-
oy . CF
- DHW,ST
4 CF,OHW -

T CEI l
CF,DHW,SH, ST
cc
CC,DHW, PH
AC ,DHW ,PH, SH
PG i

PC
CF
N ? Py
.- p
: CF,DHW,SH
DHW, SH
~CF
ST
SH
CF.c
DHW.
CF,DHW
CF,DHW, PH
PC Co
CF,DHW
DHW,PH .
AC,CF ,DHW, SH
) S
. SH
PC
cC
PC
CF, DHW
CF,DHW,SH.
CF,DHW,HP,SH
CF,DHW ,SH
CF,DHW
M
PC
CF,DHW
CF
CF , DHW
CF,DHW, SH
: DHW, SH
PH
CF,DHW
DHW
CF
cc
CF, DHW,SH

A



| . - PRODUCT
COMPANY | CODES

Suntap, Inc. PC
Sunworks S - CF,DHW,F,SH
Swedcast Corp. CS :
Technology Applications Laboratory . IC
Texas Electronics, Inc. ™

o Texas Solar, Inc. DI

> Thermon Manufacturing . -~ AP,CS

- Thomason Solar Homes, Inc. AC ,DHW,SH

3-M Company CA,CO
Tranter . AP,CF
Turbonics, Inc. _ SH
Tuthill Pump Company (]
U.S. Solar Pillow DHW ,PH
Unit Electric Control, Inc. CF,DHW
United Technologies - HP
Varian ' PC
Vermon Solar Group, Inc. DI
Vinyl Fab Industries . PH
Westinghouse Electric Corp. HP:
Wilcon Corp. " ' _ CF ,DHW,IM,ST
Willey Corp. ' : IC,IM
Wiltronics IC,IM
Wormser Scientific Corp. S CF,SH
Ying Mfg. Corp. : DHW
York . HP

Zomeworks corp. _ P

‘ o -89~ 1 ?3



!
M
j"
v
¢

AC

AP
@A

cc
CE
CF

o
cS
" DHW

DI

. HP
i {»

THW
IM

PC
PH
PG
SH
ST
TF

~ PROD

UCT CODES

Air Conditioping.- Genera

| Absorber Platés_

Absorber Plate Coatings
Concentrating Collectors
Evacuated Tube Collectors
Flat P1hté’¢611ectors
Optical Coatings °

System Components

Distributor'
Collector Fluids
Solar-Assisted Heat Pumps
Control Instruments |
Industrial Hot Water
Monitoring Instruments
Passive Solar Systems
Photovoltaic Cells
Pool Heating

Power Generation

Space Heating .
Storage Componénts

Collector Testing Firm

1.

\ .

" Domestic Hot Water Systems

-90- 124



LISTING OF SOLAR AND SOLAR RELATED FIRMS

A. 0. Smith Corp. _ Alpha Designs Inc.
P. 0. Box 28 1014 Vine St.
Kankakee, IL 60901 : : Suite 2230, Kroger Building

Cincinndti, OH 45202
(513) 621-1243

~ ASARCO :
120 Broadway -/
‘New York, NY 10005 . ° Alten Assc., Inc.
7 ‘ 2594 Leghorn. St. .
' ' Mountanview, CA 94043
Acorn Structures, Inc. : (415) 969-6474
Box 250
Concord, MA 01742
(617) 369-4111 , Alternative Systems
. Main St.
, o Conway, NH 03818
Acurex Corp. (603) 447-5266
Aerocherm Division _ :
485 Clyde Ave.
Mountainview, CA 94042 American Appliance Mfg. Corp.
(415) 964-3200 _ 2341 Michigan Ave.

‘Santa Monica, CA 90404
: : (213) 829-1755 or (213) 870-8541
“Advance Cooler Mfg. Corp. ‘

'P. 0. Box 287 | ,
Clifton Park, NY 12065 - American Heliothermal Corp.
: : ' 3515 S. Tamarac
S _ Suite 360
Albuquerque Western Industries, Inc. Denver, CO 80237
612 Commanche N.E. , : (303) 778-0650

_ Albuquerque, NM 87107
~ (505) 344-7224
American Solar Heat Corp.
_ Seven National Place
Alcan Aluminum Corp. Danburry, CT 06810
. " 100 Erie View Plaza (203) 792-1077
Cleveland, OH 44110 .
(216) 523-6800
American Solar Power, Inc.
. 5018 West Grace St.
Alcoa ’ Tampa, FL 33607
1501 Alcoa Building (813) 254-4461
Pittsburgh, PA 15219
(412) 553-2748
h . American Sun Industries

: P. 0. Box 263 ‘
. Allied Chemical Newbury Park, CA 91320 .
P. 0. Box 1021R (805) 498-9700

Morristown, NJ 07960

w9

Aruitoxt provided by Eic:

-91-
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SOLAR AND SOLAR RELATED FIRMS (continued)

Ametek, Inc. _ . _ Bell & Gossett

One Spring Ave. | , 8200 N. Austin Ave.
Hatfield, PA 19440 . . Morton Grove, IL -

(215) 248-4600

‘ ' Bell County Supply
Aqua Solar, Inc. : P. 0. Box 2409 .

. - 1234 Zacchini Ave. . Harker Heights, TX 76541

o : Sarasota, FL 33577 (817) 699-2590
L - (813) 366-7080

' . Berry Solar Products
Ardmore Textured Metals - . P. 0. Box 327

P. 0. Box 327 A Edison, NJ 08817
- Woodbridge Ave, at Main St. (201) 549-3800
v ' Edison, NJ : .

(201) 549-3800 :
Beutels Solar Heating

. 7161 W. 74th Sst. .. 7
Arkla Industries Inc. Miami, FL 33166
P. 0. Box 534 (305) 885-0122

Evansville, IN 47704 _
(812) 424-%331 ) Ly
Bray 0i1 Comp.
' 1925 North Marianna Ave.
Automated Building Components, Inc. Los Angeles, CA 90032
7525 Northwest 37th Ave. (213) 268-6171
P. 0. Box 2037 AMF
Miami, FL 33159 :
. .Burke Ind., Inc.
2250 S. 10th St.
Aztec Solar Co. San Jose, CA 95112
P. 0. Box 272 (408) 297-3500
Maitland, FL_ 32751
(305) 628 -5004
Burnham Corp.

) P. 0. Box 1079
Barber-Nichols Engr. Co. Lancaster, PA 17604
6325 West 55th Ave. (717) 397-4701

Arvada, CO 80002

C.B.M. Manufacturing Inc.

Bausch & Lomb . 621 Northwest 6th Ave.
Vacuum Coating Division Ft. Lauderdale, FL 33311
- 1400 North Goodman St. (305) 463-5810

Rochester, NY 14602
(716) 338-6671

-92-
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o SOLA;\NND SOLAR RELATED FIRMS' (continued)
Y Sy : _

CSI Solar Systems Division
12400 49th St.

Clearwater, FL 33520
(813) 577-4228

Calmac Mfg. Corp. \
150 S. Van Brunt St.
Box 710

Englewood, NJ - 07631
(201) 569- 0420

Carrier

Carrier Parkway
Syracuse, NY 13201
(315) 463-8411

Catel Manufacturing, Inc.
235 West Maple Ave.
. Monrovia, CA 91016

(213) 359-2593

Chamberlain Mfg. Co.
845 Larch Ave.
Elmhurst, IL 60126
(312) 279-3600 \\

\_\

N\

Champion Home Builders .
5573 E. North St,
Dryden, M1 48428

(313) 796-2211

Chemical Processors, Inc.
P. 0. Box 10636

St. Petersburg, FL 33733
(813) 822-3689

.Clary Corp. .

320 West Clary Ave.
San Gabriel, CA 91776
(213)‘287-6111

3

Coating Laboratories
505 South Quaker
Tulsa, CK 74120

Cole Solar Systems, Inc.

- 440 A, East St. Elma Rd.

Austin, TX 78745

©(512) 444-2565

. Columbia Solar Energy Division '
‘55 High St.
‘Holbrook, MA 02343

. (617) 767-0513

CommuniCations Satellite Corp.
950 L'enfant Plaza, S.W.
washington, D.C. 20024 '

Conserdyne Corp!

4437 San Fernando Rd.
Glendale, CA 91204
(213) 246-8409 -

Contemporary Systems, Inc
68-Charlonne St.

Jaffrey, NH 03452

(603) 532-7972

Corning Glass Works
Electrical Products Division HP C7
Corning, NY 14830

Crimsco, Inc.

5001 E. 59th St.

Kansas City, MO 64130
(816) 333- 2100

Croton Chemical Co.

10 Harmich Rd.

South Plainfield, NJ 07080
(201) 754-2900

Crow-Sterner Associates
5911 Southern Hills Drive
Houston, TX 77069

ey
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oLk AND SOLAR RELATED FIRMS (continued)

b ' ’ L :
Crystal Systems, ‘Inc. - L . - Devices and Services Co.-
. 0. Box 1057 : o . 3501-A Milton : '
Sa1em. MA 01970 . _ . Dallas, TX 75205
(617) 745-0088 N e , g214) 368-5749
cUshing Instruments C ) Diy-Sol, Inc. -
7911 Herschel Ave., Suite 214 , : P. 0. Box 614

La Jolla, CA 92037 - . ‘ Marlboro, MA. 01752
_(714) 459-3433 - Co

| C Dow Chemical
Dalton Tanks & Supply; Inc. . o .Box 1605 .

56166 Handley Rd. .. ‘ - ' Freeport, TX 77541
Yucca Valley, CA 92284 L (713? 238-1051
'(714) 364- 2230 A : . - .
- ' S ' | Dow Corning
""  Daystar Corp. . : + . Mail No. C02314
90 Cambridge St. Midland, MI 48640

Burlington, MA 01803.. ) )
(617).272-8460 .

. Dynaire
: _ : . 8519 Eastern
L. M, Dearing Associates, Inc. -~ San Antonio, TX 78216
12324 Ventura Blvd. (512) 349-6259

Studio City, CA 91604 _
(213) 769- 2521 :

E&K Service Co.
16824 74th Ave. N.E.
Del Sol Control: Corp. ' Bothell, WA 98011
11914 U.S. 1 (206) 486-6660

Juno, FL 33408 { o '

(305) 626-6116

E-Systems
: Energy Technology Center
Delevan Eléctronics Inc. P. 0. Box 6118
14605 N. 73rd St. B _ Dallas, TX 75222

Scottsdale, AZ 85260

(602) 948-6350
Eaton Corporation
Controls Division

Delta-T 191 E. Nortn Ave.
Dept. 3E-1 Carol Stream, IL 60187
~ 3731 Kenora Dr. - (312) 682-8044
Spring Valley, CA 92077
Ecotechnology
) Desert Sunshine Exposure Tests, Inc. P. 0. Box 181
Box 185, Black Canyon Stage - De! Mar, CA 92014

Phoenix, AZ 85020
(602) 465-7525

Aruitoxt provided by Eic:
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~ SOLAR AND SOLAR RELATED FIRMS (continued) . .

Ecotope Group
- 747 16th East
Seattle, WA 98112
(206) 322-3753

. Edwards Engr. Corp.

101 Alexander Ave.
Pompton Plains, NJ 07444
(201) 835-2808

Elcam, Inc.’

"~ 5330 Debbie Ln.

' Santa Barbara, CA 93111 -
(805)-967-6527 ,

Energy App11cations Inc.
P. 0. Box 5694
Titusville, FL 32780
(305) 269-4893

Energy Converters Inc.
2501 N. Orchard Knob Ave.
‘Chattanooga, TN 37406
(515) 624-2608

Energy‘uynam1cs Corp.

327 W. Vermillo St.
Colorado Springs, CO 80903
(303) 475-0332

-Energy Engr. Inc.
P. 0. Box 1156
Tuscaloosa, AL 35401

Energy Systems, Inc.
634 Crest Drive

E1 Cajon, CA 92021
(714) 447-1000

Enersol Company

First International Bldg., Suite 1800

Dallas, TX 75270
(214) 748-3511

Enertech Corp.

" 'P. 0. Box"420

horwich VT 05055

Eppley Laboratory Inc.

12 Sheffield Ave.

Newport, RI- 02840
(401) 847-1020 '

Erie Mfg. Co.
4000 S. 13th St.

. Milwaukee, WI 53221 L

Fafco ‘Inc. '
138 Jefferson-Dr.
Menlo Park, CA 94025

'(415).32173650

Falbel Energy Systems Corp

" 472 Westover Rd.

Stamford, CT 06902
(203) 357-0626

F]agaia Corp.

- 9700 W. Hwy. 98

Panama City, FL 32401
(904) 234- 2141

Florida Solar Energy Center

.~ 300 State Rd. 401

Cape Canaveral, FL 32920
(305) 783-0300

Ford -Products Corp.
Ford Products Rd.
Valley Cottage, NY
(914) 358-8282

Friedrich °

4200 North Pan Am Expressway
P. 0. Box 1540 .
San Antonio, TX 78245
(512) 225-2000

95~
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LISTING OF SOLAR AND SOLAR RELATED FIRMS

Future Systems. Inc.

12500 W. Cedar Rd..

Lakewood, CO 80228 -~
(303) 989-0431

General Atomic Co. -
P. 0. Box 81608 :
;_ San giego. CA. 92138 j

General Electric Co.

~ Space Div. )
P. 0. Box 8661 B1dg.
Philadelphia, PA 19101
.{215) 962-2112

General Energy Devices, Inc.
2991 Weat Bay Dr.

Largo, FL 33540

(813) 586-3685

GSB]d Inc.

Gould Center

Rolling Meadows, IL 60008
(312) 640-4000

Grundfus Pump Co.
2555 Clovis Ave.
Clovis, CA 93612
(209) 299-9741

Halstead & Mitchell
Hwy. 72 West

P. 0. Box 1110.
Scottsboro, AL 35768
(205) 259-1212

Hamilton Research
1836 Lake St.
Glendale, CA 91201
(213) 241-3057

"Hawthorne Indﬁs%ries, Inc.

1501 South Dixie Highway

(\—

He11d'Assoc1ates

P. 0. Box 17960

Tucson, AZ 85731
(602) -792-2800

3

" Helios Corporatton -

2120 Angus Rd¢

CharTottsville, v5122901

- (8p4a) 977-3719

~ Heliotherm, Inc.

W. Lenni Rd,
Lenni, PA 19052
(215) 459 9030

Heliothermics

10 Delores Street.
Greenville, SC 29605
(803) 277 - 6581

Heliotrope General
3733 Kenora Drive

Spring Valley, CA 92077

(714) 460-3930

Hexcel Corp. '

11711 Dublin Blvd.
Dublin, CA 94566
(415) 828-4200

Hi-Tech Inc.
3024 16th Street
Zion, IL 60099

(312) 746-2447

" West Palm Beach, FL 33401
 (305) 659-5400

Bt



* SOLAR AND SOLAR RELATED FIRMS (continued)

‘Highland Plating Co.

1128 No. Highland Ave.
ood, CA 90038

469-2289 .

~ Hollingsworth & Jackson
2121 Governors Circle
P. 0. Box 10899
Houston, TX 77018
(713) 681-4811 . ‘

Honeywell Inc.

2600 Ridgeway Pkwy.
Minneapolis, MN
(612) 378-2750

45 Seymour St.
- ‘Stratford, CT 06497
(203) 378-2659 o

4

Independent Living Inc.
“8715 Buford Hwy., N.E.
- Doraville, GA 30340
(404) 455 0927

\

Industrial Systems Inc.
1121 Fresno

San Antonio, TX 78201
(512) 736-2201. N

International Environment Corp.

83-S. Water St.
“Greenwich, CT 06830
(203) 531 4490

International Rectifier
Semiconductor Div,
233 Kansas St.

E1 Segundo, CA 90245

' _(213) 322~ 3331

International Bus1ness Mach1nes Corp.
Box 218 _
Yorktown Heights NY 10598

(914) 94£-1088

IMC Instruments Inc.
6659 North Sydney Place
G]endévj WI 53209

T Fluid Handling D1v1s1on
4711 Gulf, Rd.
Skokie, IL 60076
(312) 677-4030

Ilse Engr. Inc.
7177 Arrowhead Rd.
Duluth, MN 55811
(218) 729-6858

Independent Energy Inc.
P. 0. Box 363 _
Kingston, RI 02881

2" 13j

Internat1ona1 So]arthermmcs Corp.

Box 397
Nederland, CO 80466
. (303) 258-3272

RN

Intertechnology Corp.
100 Main St.
Warrenton, .VA 22166
(703) 347-7900

Jackson Mfg. Co.

P. 0. Box 11168
Chattanonga, TN 37401
(615) 867-4700

e A N

Jacobs-Del Solar Systems

251 South Lake Ave.
Pasadena, CA 91101
(213) 449-217

Johnson Controls
Penn Dirvision

1302 E. Mcaroe St.
Goshen, IN 46526
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o _'J . ». SOLAR AND SOLAR RELATED FIRMS (continued) | \
" Kalwa1l,Corp. y ., " Mann-Russeli Electronics, Inc.
e 0. Box 237 - . SR 1401 Thorne Rd. . s
- 'Manchester. NH 03105 - g Tacoma, WA 98421 LA A
. (603) 599- 1500 . | {206) 383-159J Lo
” » - Kastek Corp. - - , March Mfg -Co. A
oo T P. 0. Box:8881 - . : ' P. 0. Box 87 _ \\
v .. Portlandg.OR 97208 _ o 1819 Pickwick Ave.
o L y ' Glenview,”IL 6002?
_ , Kennecott Copper Curp o - - : \S -
- 128 Spring St. ' Mar-Scot Solar Pac Systems
Ea Lexington, MA. 02173, o | 10639 S.W. 185th Terrace .
T (617) 862-8268 , . . ' . Miami, FL 33157 :
: . ' ’ ’ (305) 233-0711
\ - Lgrgo So]ar Systems Inc. . ¢ ' - .
' . ' 2525 Key Largo Lane : : ) ~Martin Processing, Inﬁ
Ft. Lauderdale, FL 33312, . . ~ 'P. 0. Box 5068
(305) 583= 8090 : Martinsville, VA 2411
(703) 629-1711
Lennox Industries Inc. . o
200 5. 12th Ave. o Matrix Inc. - \
Marshalltown, IA 50158 ' 537 South 31st St. -

(515) 754 4011 - Mesa, AZ 85204 . N
: : : (602) 832-1380 .

' Libby-Owns-Ford . h X .
¢ ] " (LOF Solar Energy Systems.) McDonnell ‘Douglas Astronautics Co.

1701 E. Broadway . 5301 Bolsa Ave. .
- - Toledo, OH 43605 Huntington Beach, CA 92647
 (419) 247-4350 _ \ (714) 896-4323 )
) |
"~ LOF Brothers Solar Appliances ' Mid-West Technology Inc
1615 Severiteenth St. ' - P. 0. Box 2638
o ' s~ Denver, CO 802Q2 Dayton, OH 45426
' (303) 573-0656 ; : (513) 274-6020
MND Inc. > ' ..Mobil Tyco Solar Energy Corp.
P. 0. Box 15534 _ 16 Hickery Drive
- Atlanta, GA 30333 Waltham, MA 02154

(404) 873-1812




SOLAR AND SOLAR RELATED FIRMS (continued)

Mor-Flo Industries Inc.
18450 South M{les Rd.
‘Cleveland, OH 44128
(213) 663-7300

Motorola, Inc.
Solar Energy Dept.
P. 0. Box 2953
Phoenix, AZ 85062
(602) 244-5511

NRG Ltd; ' _
901 Second Ave. East
Coralville, IA 5224).
(319) 354-2033

" National Energy Corp.
21716 Kenrick Ave.
Lakeville, MN" 55044

National Plastics, Inc.
Lab Sciences Division
P. 0. Box 1236

Boca Raton, FL 33432
(305) 392-050%

National Solar Corp.
Novelty Lane

Essex, CT 06426
'(203) 676-1644

Natural Energy Systems
1632 Pioneer Way

E1 Cajon. CA 92020
(714) 440-6411

Natural Power Inc.
Francestown Turnpike
New Boston, NH Q3070

Navajo Air Equipment Inc.
610 S. 35 th St.
Phoenix, AZ .

New Jersey Aluminum Co.
1007 Jersey Ave.

P. 0. Box 73 .

North Brunswick, NJ 08902
(201) 249-6869 :

Northrup, 1nc.
302 Nichols Dr.
Hutchins, TX 75141
(214) 225-4291

0.E.M. Products, Inc.

Snlarmatic Division

2413 E. Garden St.
Tampa, L 33605

- (813) 247 5947

01in Brass Inc.
O0lin Corporation
East Alton, IL 62
(618) 258-2770

R ]
Olympic Plating Industries, Inc.
208 15th Street, S.W.

Canton, OH 44707 °
(218) 452-8856

Optical ‘oating Lab, Inc.
P. 0. Box 1599
Santa Rosg, CA 95403

Opto Technology, ‘Inc.
(Sun Trac Corp.)
1674 South Wolf Rd.
Wheeling, IL 60090

Oriel Corp.

15 Market St.
Stamford, CT 06902
(203) 357-1600



SOLAR AND SOLAR RELATED FIRMS (continued) = ‘ ‘

RN
Owens Enterprises, Inc.

436 North Fries Avenue

: Po 00 BO* 967I

Wilmington, CA 90744 .
“~ ¢ R _ ,

Owens-1114nois Inc.

P. 0. Box 1035 o
Toledo, OH.. 43666
(419) 242-6543

PPG Industries, Inc.
One Gateway Center
Pittsburgh, PA 15222
(912) 43@-3552

- ﬁacific Sun, Inc.

540 Santa Cruz Ave.

. Menlo Park, CA 94025

(415) 328-4588

Payne, Inc. .

1910 Forest Dr. '
Annapolis, MD 21401
(301? 268-6150

People/Space Co.
259 Marloboro St.
Boston, MA 02116
(617) 261-2064

R-M Products

5010 Cook St.
Denver, CO 80216
(303) 825-0203

Ranco

601 West Fifth Ave.
Box 8187

Columbus, OH 43201

Ray Pak, Inc.

3111 Agoura Rd. ' .
P. 0. Box 5790 ‘ *
Thousand Qaks, CA 91360 -
(213) 889-1500 : .

Refrigeration keseafch

525 N. 5th St. Ce
Brighton, MI 48116 : :

(313) 227-11561

Research Producf?w Corp. 0~

'P. 0. Box 1467 S

Madison, WI 53701 . ' o
(608) 257-8801 - S o

Resource Technology Corp. .o

151 John Downey ODr.
New Britain, CT 06051
(203) 224-8155

-Revere Coppé? and Brass, Inc.

Solar Energy Dept.
P. 0. Box 151
Rome, NY 13440

;$315) 338-2022

%

=100- 1 34

Reyho]ds Metals Co.

.P. 0. Box 27003

Richmond, VA 23261
(804) 281-3026

Rho Sdgma

15150 Raymer

Van Nuys, CA 91405
(213) 342-4376

g
Roark, C.F., Welding & Engr. Co.
133 N. Green St.
Browsburg,. IN 46112
(317) 852-3163
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*.SOLAR_AND SOLAR RELATED FI&ﬁS (continued) ' * ) '
bertshaw Contro1s Co. . Sensor Technology, Inc.
0. Box 2000 = C - 21012 Lassen St. -
_ .4100 Temescal St. ) : - Chatsworth, CA 91311 Lo
. Corona, CA 91720 ‘ : (213) 882-4100 . Cot
(714) 734 2600 . ' : ' R w
e ' . A\
1 ' . Shaw Pump, Inc.
Rockwell. International 9660 East Rush' St.
_ 6633 Canoga Ave. , “ P, 0. Box 3336
SEEE Canoca Park, CA 91304 ! . South E1 Monte, CA 91733
EN . (213) 884- 2434 - : (213) 443-1784 :
’ , (213) 283-5156
SES, Inc. ‘ ' S
One Trailee Industrial Park . Sheldahl Co.
New Wark, DE 19711 P. 0. Box 170 t
(302) 731-0990 ‘ . Northfield, MN 55057 i,
. ; : (507) 645- 5631 R
S. Y. Enter-Tech, Inc. '
3030 §. Valley View Blvd. o Sigma Research, Inc. -
Las Vegas, NV 89102 - - 2950 George Washington Way -
(702) 873-1975 - -~ Richland, WA 99352
' - , v - (509) 946 0663 '
" Scientific-Atlanta : ' .-
3845 Pleasaritdale Rd. S11tec Corp. ] -
Atlanta, GA 30340 3717 Haven Ave.
(404) 449-2000 Menlo Park, CA 94025
o , o . (415) 365- 8600
Scientifico : . i
35985 Row River Rd.. T SimonS"So1ar Environmental Systems, ‘Inc.
Cottage Grove, OR. 97424 . 24 Carlisle Pike
' v . Mechanicsburg, PA 17055
_ (717) 697~ 2778
SEMEN N
1091 S, W. st Hay s
Deerfield Beach FL 33441 Skytherm Processes Engineering
(305) 427-0040 2424 Wilshire Blvd.
: _ . * Los Angeles, CA 90057
Sennergetics . . X .
-t ~ 18621 Parthepia St. A. 0. Smith Corp. ' .
- Northridge, -CA 91324 . Onx 28 ~ _\\\\_,
' (213) 885-0323 ° L Kankakee, IL 60901 o
o J ’ /> . K o’
¢ ) .
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465 McCormick St.

San Leandro, CA 94577 . - .

(415) 632- 5400

| Solar, Inc.
P. 0. Box 246 "

Mead, NE' 68041 ' 7, :

" Solar Age Systems
P. 0. Box 1983

217 E. Hic
Denton, T
) (817) 3827

8 g

Solar—A1?e b
0. Box 276 :
Nk Liberty, IA 52317
(319) 626-2343

i
| T
i . v

Solar American

o P. 0. Box 7239

Hampton, VA 23666

Solar Applications, Inc.
7926 Convoy Court -
San Diego, CA 92111
(714) 292- 1857

- Solar Comfort Systems: D1v
Suite 606 .
- 4853 Cordell Ave. ¢
. Bethesda, MD 20014
(301) 652=8941 ~

Solar Control Corp.
5595 Arapahoe Rd.
Boulder, CO 80302
(303) 449-9180.

i.éblar_Corp. of America
. 100:Main St.

(703). 347-7900

;:;;JQ' ‘ iy L . -
5 R ‘-":- ‘SOLAR AND SOLAR RELATED FIRMS (continued)
Sol-Aire . . - Solar Controlar, Inc..

P. 0. Box 8703
Orlando, FL" 32806
(305) B851-8664 -

o

Warrenton, VA 22186

-~

- Solar Development, Inc.
‘4180 West Roads Dr.

West Palm Beach, FL 33407

+ (305) 842- 8935

L

Solar Dynamics, Inc.

2427 E. 11th Ave. .
Hialeah, FL 33013
- (308) 688«4393 |

Solar Electric Internatibnal.
Sarasota Bank Bldg.
Sarasota, FL 33577

*

Sular Energy Products, Inc.
1208 N. W. 8th Ave. .
Gainesville, FL 32601 .

(904) 377-6527 v

Solar Energy Resources Corp.
10639 S. W. 185 Terrace
Miami, FL 33157 ‘
(305) 2330711 :

Solar Energy Systems
1243 S. Florida Ave.
Rockiedge, FL 32955
(305) 632-6251

> ®



SOLAR AND SOLAR RELATED FIRMS (continued)

Solar Thermics Enterprises, Ltd. Solarponics
110 N. Walnut - , P. 0. Box 1571
Creston, JA 50801 " San Luis Obispo. CA 93406
(515) 782-8566 . (805) 543-3436
Solar Utilities Cp. Solcan, Ltd.
406 North Cedros , 126 Wychwood Pk.
Solana Beach, CA 92075 London, Ontario, Canada N6G - 1R7
(714) 452-8822 . (519) 471-4069
Solarator ' Solec International, Inc.
P. 0. Box 277 2 Century Plaza, Suite 484
£ Madison Hts., MI 48071 . 2049 Century Park East
. (313) 642-9377 ‘ Los Angeles, CA 90067
Solaray, Inc. . Solergy, Inc.
324'S. Kidd St.- ' 150 Green St.
Whitewater, WI 53190 San Francisco, CA 941
.(414) 473-2525 : (415) 398-6813
. Solarcoa ' Sollos, Inc.
2115 E. Spring St. 2231 S. Carmelina Ave.
Long Beach, CA 90806 Los Angeles, CA 90064
(213) 426- 7655 , (213) 820-5181
Solarex Corp. . Soltherm Corp.
1335 Piccard Drive. ' 7 West 14th St.
Rockville, MD 20850 . . New York, NY 10011
(301) 948-0202 _ (212) 691-4632
Solargenics, Inc. Soltrax, Inc. .
9713 Lurline Ave. 720 Rankin Road N.E.
Chatsworth, CA 91311 . Albuquerque, MN 87107
(213) 998-0806 . , ‘
PR _ Solus, Inc.
Solargizer Corp. P. 0. Box 35227
220 Mulberry St. Houston, TX 77035

. Stillwater, MN 55082 (713) 772-6416
) (612) 739-0117 _

o . _ Southeastern Solar Systems
Solaron Mktg. Services Gp. 4705 J. Bakers Ferry Rd.

4850 Olive St. P. 0. Box 44066
I Commerce City, CO 80022 Atlanta, GA 30336
(303) 759-0101 ~- - (404) 691-1864
- 104~
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SOLAR AND SOLAR RELATED FIRMS (continued)

Southern Lighting Mfg. Co.

501 Elwell St.
Orlando, FL 32803
(305) 894-8851 ‘

Spectran/Instruments
P. 0. Box 891.

La Habra, CA 90631
(213) 694-3995

Spectrolab, Inc.
12484 Gladstone Ave.
Sylmar, CA 91342
(213) 365-4617

State Industries
Cumberland St.

Ashland City, TN 37015
(615) 792-4371

Stolle Corp.

1501 Michigan St.
Sidney, OH 45365
(513) 492-1111

Sun Power Systems, Ltd.

1024 West Maude Ave.

Suite 203
Sunnyvale, CA 94036
(408) 738-2442

Sun Stone

P. 0. Box 941
Sheboygan, WI 53081
(414) 452-8194

Sun Systems, Inc.
P. 0. Box 155
Eureka, IL 61530
(309) 467-3632

-105-

Sundu Co. _
3319 Keys Lane
Anaheim, CA 92804
(714) 828-2873

Sunearth, Inc.
Sales Div.
Box Sc.
Granlin/Marietta Bldg.
Progress. Drive
Montgomeryville, PA 18936
(215? 699-7892

Sunergy Power, Ltd.
400 W. Main St.
Babylon, NY 11702
(516) 587-0611

Sunglaze, Ihc
P. 0. Box 2634
Olympic Valley, CA 95730

%

Sunpower Systems Corp.
2123 S. Priest Rd.
Suite 216

Tempe, AZ 85282

(602) 968-6387

Sunstream (Grumman Corp.)
4175 Veteran's Memorial Highway
Ronkonkoma, NY 11779

Suntap, Inc.

Box 754

Arlington Heights, IL 6C006
(312) 255-5654

Sunworks, Div. of Enthrone, Inc.
Box 1004

New Haven, CT 06508

(203) 453-6191

135



- SOLAR_AND SOLAR RELATED FIRMS (continued)

Sunworks, Inc.

669 Boston Post Rd.
Guilford, CT 06437
(203) 934-6301 :

Swedcast Corp.
7350 Empire NDrive
Florence, KY 41042

Technology Applications Laboratory
1670 Highway AlA '
Satellite Beach, FL 32837

(305) 777-1400

Texas Electronics, Inc.
P. 0. Box 7225

Dallas, TX 75209

(214) $31-2490

Texas Solar, Inc.
6119 Jessamine
Suite 1

Houston, TX 77081
(713) 777-1368

Thermon Manufacturing
P. 0. Box 609

100 Thermon Drive

San Marcos, TX 78666
(512) 392-5801 Ext. 239

Thomason Solar Homes, Inc.
6802 Walkermill Road, S.E.
Washington, D. C. 20027
(301) 336-0009

3 M Company
3 M Center

~St. Paul, MN 55101

(612) 733-1110

-106-

Tranter

735 E. Hazel St.
Lansing, MI 48909
(517) 372-8410

Turbonics, Inc.
11200 Madison Ave.
Cleveland, OH 44102
(216) 228-9663

Tuthill Pump Company
12500 South Crawford Ave.
Chicago, IL 60658

(312) 389-2500

U. S. Solar Pillow
P. 0. Box 987

416 E. Oak
Tucumcari, NM 88401
(505) 461-2608

Unit Electric Control, Inc.
130 Atlantic Dr.

Maitland, FL 32751

(305) 8311900

United Technologies
400 Main St.
East Hartford, CT 06108

Varian Associates
611 Hansen Way
Palo Alto, CA 94303

Vermont Solar Group, Inc.
P. 0, Box 292

Warren, VT 05674

(802) 496-2983

135
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Aruitoxt provided by Eic:
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SOLAR AND SOLAR RELATED FIRMS (continued)

Vinyl-Fab Industries
930 East Drayton
Ferndale, MI 48220.

.(313) 399-8745

Westinghouse Electric Corp.
Skyline Center

Suite 1307

5205 Leesburg Pike

Falls Church, VA 22041
(202) 833-5950

Wilcon Corp.

3310 S. W. Seventh
Ocala, FL 32670
(904) 732-2550

Willey Corporation
Box 670

Melbourne, FL 32901
(305) 727-2046

Wiltronics '
3110 S. W. 7th St.

Ocala, FL
(904) 732-2550

Wormser Scientific Corp.
88 Foxwood Rd. ,
Stamford, CT 06903
(203) 329-2001

Ying Mfg. Corp.
1940 W. 144 St.
Gardena, CA 90249
(213) 770-1756

York Division
Borg-Warner Corp.
P. 0. Box 1592
York, PA 17405
(717) 846-7890

£107-

Zome Works Corp.
Box 712
Albuquerque, NM 87108
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APPENDIX D

&
REFERENCES

This appendix containg a list of references which have been
utilized during the project. Included are articles, books, and -

government docuws:nts.
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) | . APPENDIX E | -

SRR ' SOLAR SYSTEM DESIE& AND INSTALLATION TIME

This appendixicontains information used with the University of .
New Mexico Sgudy andrthe MITRE.study regarding col;ectér area and
installat{on time. Tables are included for Solar-Démestic Hot Water
and Solér Space Heating/Domestic Hot Water. Data are listed by State‘

(UNM Study) and by Region (MITRE Study).
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e | - " APPROXTMATE COLLECTOR AREA Q

: - © REQUIRED FOR 75% SOLAR"DOMESTIC :

. HOT WATER .
(USED WITH NEW MEXICO §TUDY)

_ [Kc

Aruitoxt provided by Eic:

ASSIM’I‘IONS
. * 80 Gallons/Day Requu'ed

e Liquid and Air Collectors Produce the Same Encrgy

o N

o>

)

DBSIGN & INSTALLATION

STATE +AREA NEEDED (Ft J TIME (HOURS) -
Alabama 75 s
Arizona 50 50
Arkansas 75 " 52
‘California « 65 51
Colorado - - 65 51 '
Connectitutt 95. 54

- Delaware 95 . 54
Florida R 65 51
Georgia 75 52

* Idaho - 75 52 ¢
‘Illinois 95 " . 54
Indiana’ 95 54
Iowa 95 54
Kansas 75 .52
Kentucky 95 54

, Louisiana 75 52
Maine T 125 56
‘Maryland 95 54
Massachusetts 125 56
Michigan - 125 56
/ Minnesota 95 54
Mississippi 75 52
Missouri 75 52
Montana 75 52
Nebraska 75 52
Nevada 65 51
New Hampshire 125 - 56
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State Area Time
New Jersey | 95 C. 54
New Mexico _" S0 . 50
New York , 125 ~ 56 .
North Carolina /- 52
North Dakota 75 52
" Ohio : 110 ‘ . 55
Oklahoma | 65 54
Oregon 95 | 55
Pennsylvania’ 110 - 54
Rhode Island " 95 55
South Carolina 75 .« 52
South Dakota 75 = 52
Tennessee 75 52
)  Texas 70 52
Utah : 65 51
Vermont ' 125 56
Virginia | 95 54
- Washington 125 | 56
West Virginia 95 54
Wisconsin 95 . 54
Wyoming ‘ 75 52

Aruitoxt provided by Eic:

EC . . -114-1'17'
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"4 . : APPROXIMATE COLLECTOR AREA
REQUIRED FOR 75% SOLAR SPACE -
[ HEATING AND HOT WATER
. (USED WITH NEW MEXICO STUDY)

ASSUMPTTONS :

* 80 Gallons/Day of Hot Water .
* Space Hsating Based on Ba1comb-H5ds§rom.So1ar Heating Maps

~ * 1500 Ft© House with 10 BTU/DD/Ft€.
_ . s, 9 " DESIGN & INSTALLATION
STATE AREA NEEDED (Ft¢) TIME (HOURS)
~ Alabama ' 400 ' 164
Arizona . T 390 , 163
~ Arkansas C 625 . 183
. -t . California . _ 270 * ) 154
. Colorado 670 187
' Connegticutt . 1030 - 217
Delaware 780 : . 196
- Florida ‘ -0 | 145
Georgia 400 L 164
Idaho 885 205
I114nois 1100 - - 223
Indiana ' 1030 3 217
Towa _ 1100 : . 223 o
Kansas ' 705 ‘ _ 190 )
Kentucky - 890 205
Louisiana " .400 . ' 164 -
Maine 1240 234
Maryland , 780 196
Massachusetts 1040 218
Michigan : 1190 ' 230
Minnesota | 1180 229
- Mississippi 400 ' 164
Missouri ' 77 . 1§6
+  Montana a ' 965 Coau
" Nebraska 815- | }ég

\\
N

Aruitoxt provided by Eic:

. Q < ' - . ‘ . ) .
ERIC * . x f-115-
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Full Tt Provided by ERIC.

ERIC . .

. STATE
Nevada

New Hampshire
New Jersey

New Mexico

New York

North Carolina
North Dakota
Ohio

Ok 1ahoma
Oregon
Pennsylvania
Rhiode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont

Virg{p1a’_

Washington’
West Virginia
Wisconsin
Wvoming



3. ! REGION

Charleston

>

Boston

Washington

Albany

Los AngeFes |

Bismark

Nashvil#e

Fort Worth

|

Omaha | ¢

- ol
Seattley
< i

Phoeni&

Miami

. Madison

Chicago
Cape Hatteras

Atlanta

DOMESTIC HOT WATER ONLY
(USED WITH MITRE STUDY)

'SIZE

64
64
64
56
64
48

. 64 .
64
64
48
48
'sa.
64
48
64
80

o



1]
/ o o
'.C) ’

TN ~ ' HOT WATER AND SPACE HEATING COMBINED

R Q ' (USED WITH MITRE STUDY)
| Boston.. 360 _ 171
Washington 288 | - 165
*. Albany C 450 179
Los Angeles - . 320 . 168
' tharleston | T2 151
Bismark i 450 179
. Nashville 240 161
Fort Worth . 128 162
Omaha 450 , 179
Seattle 250 “*162
Phoenix 9% 149
Miami _ | 96 149
Madison ‘- | 450 179
. Chicago 550 187
Cape Hatteras 160 163
Atlanta C 16 164
.
15§
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SOLAR FEASIBILITY MAPS, UNIVERSITY OF NEW MEXICO STUDY

This appendix contains maps of the United States indicating in
which year solar energy is expected to become econcnically feasible.
Maps are included for domestic hot water systems and for space heating

systems.

‘=119~ 15"



SOLAR FEASIBILITY
DOMESTIC HOT WATER*

(Real Interest Rate ~ 2.5%)

*Fixed Costs: $300

Variable Costs: $11.00/ft2
Operation & Maintenance: 1,0%/yr
System Life: 20 years

-120-1 55
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SOLAR FEASIBILITY
RESIDENTIAL SPACE HEATING

Standard.Air System*
(Real Interest Rate - 2.,5%)

*Fixed Cosvs: $1100 == 1990

- Variable Costs: $9.50/ft2 in 1976
decreasing to $8.00/ft2 in 1990
Operation & Maintenance: 0.75%/yr
System Life: 30 years

Q ) -121- ISQ




APPENDIX G

EXISTING AND PROJECTED HOUSING STOCK

iU

This appendix contains statistics on single-family housing units.
The data were compiled from the 1972 OBERS Projections and The 1970

Census of Housing, and are arranged by State.

15,
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Houaing Statistics Sumary .

_Parcent of 1970 Single=  Single-Family Stngle-Femily
U.S. Projected . TFaally Hopsing Units s & Percent Adjustment Units as s Par-
Population Gruwth

Seock of the Total t Ratio Tt cent of the
o U.S. Totarttt

Aladans 1.8 929 83.3 1.16 1,92

Arizons 2.15 426 713.6 - 1,02 1.03
Atkacsas 1~ .82 sn 83.4 “1.19 1.18
Califoruis 11,82 4696 67.3 93 10.15
Colcfldo ‘ 1057 SM 72.0 1.00 1.1‘
Connecticut 1.59 $72 9.1 .82 1,28
Delavare ' 37 : 133 75.9 1.08 .29
Plorida 9.80 1740 69.9 97 4,31
Ceorgia 3.09 . 1107 75.5 1,05 2.42
!“h' .08 192 ' 80.8 1,12 37
11linois 4,55 2197 © 89,5 .83 4.68
Tova . 38 783 ' 82.0 1.14 1.88
Ksnsas .08 645" 81.9 1.1 1,24
Reatucky 1.80 850 80.2 1.11 1.80
Louisisna .68 897 78.3 1.09 1,78
Hlinl o~ -, .01 . 230 6‘.3 .95 .“
Maryland .17 . 882, 6%.0 +96 1.94
Massachusetes .19 925 $0.4 .70 2.08
Kickigsn 4,13 2162 76.1 1,06 4,54
Ninnasota '1.73 895 73,5 1.02 1,88
Misalseippt . +33 598 85.8 1,19 1,20
Missourt 1.7 1228 73.8 . 1.02 2.52
Montans - ,08 180 74.8 1,04 S 1
Nebrasks . 16 408 9.7 1.11 79
Nevada 63 105 61.0 .85 «26
Nev Hampshirs 2 158 63.8 .89 .36
Nav Jarasy 4.10 1334 $7.9 .80 2.96
Nev Mexico 27 263 81.8 1.13 33
N” "fk 6. 37 2657 y‘Oa‘ -56 5039
Nerth Carolins 3.25 1341 82.9 1.15 2.89
Korth Dakota - .13 149 76,5 1,03 27
Ohio © 4.56 2482 72,0 1.00 $.19
Oklshors 1.0 798 85.1 1.18 1.62
Oregon 1.03 570 77.5 1.08 1.1%
Peansylvanis 2.72 . 2821 72.8 1.01 5.5
Rhods Islend .29 . 159 S1.7 .72 .36
South Carolina -88 669 83.1 1.15 1,40
South Dakotas - .04 ) 178 80.4 1.12 . 34
Teanessss 2.98 1061 80.3 1.11 2,29
Taxas .51 3069 D 80.6 1.12 6.41
Ueah .57 23 e 75.2 .06 N\ .51
Veruont .17 99 66.4 - 52 21
Virginia 3.5 1112 74.9 1.04 2,48
Washicgton 93 913 15.8 1.05 1,83
Weat Vlrgl.nh .23 691 8209 1.15 a’e
Wisconain 1.37 999 70.7 98 2.04
Wyouing .00 86 75.0 1,04 o6

aStatiatics contained in this Tabls wera conputéd by ths authors from dace ac~
quired from tha 1972 CBERS Prnjections (Series E) and ths 1970 Census of Housiog.

ea Based upon an increase of w2, 181, 136 for the ration as a whole from 1970 to
1990. May not add to 160.0 (one~hundred percent) due to round-oif errors plus
the exclusion of Alaska, Hawaif, and tha District of Columbia.

ese Expressed (n thouaands

4+Excludes mobile hcmes for each state, Derived by dividing the number of single-
famnily units by total housing inventory. Thc nationel average was 63.4 percent,

¢4 Represents the ratfio of each stata's single family units percent of the total

housing stock (for that state) to the national average of 71.8 percent (Alaska,

Havaii, and District of Colusbia excluded). See the text for a fulier explana-

tion. Due to round off errors soma of the computed percents way not raflect the
acrual percents.

+++ Represents each state's percentage of the national single-family housing ‘- -
ventory in 1970, Mobile homes are excluded from the data, Perce.ts will nc’
add to 100.0 due to round off errors and the excluailon of Alaska, {awafl, and
the [ ctrict of Columbla,

-123-1 56



RSTIXATES OF 1576 GROSS AND NET- SINGLE FAMILY DETACHED HOUSING STARTS

E

o . MxoronNT uiG
€.9 Hillion) v -(1.3 Mtllion) (1.7 Miliion)
Grose Net Percent Gtose et . Percent Gross Nee Parcont
$tatea Rousing Housing  of the Housiag Houstog of :he Housing Housing of the
Stares Scares Totsl (1976) Starts \Qut- Totsl (1976% staces Staces Tocsl (1978)
. -
Alabama 16.020 ©11.707 1,57 : 23,312 llow\? 2,27 30. 906 16,762 3.01
Azitona 17.128 14,704 3.09 23,691 18,128, 4,23 28.443 18.516 5,07
Arkansae 9.148 6.506 1.46 13.413 8.020°8 ;.5 18.026 8.193 2.86
California 96.692 73,786 1.79 138.954 90.948 "\ ‘2,56 179.980 92,916 3.32
Colorado 13.206 10.523 2.10 18.729 12.970 2.97 23,648 13.251 3.0
Connecticut 11,334 8.715 1.73 16.624 10,742 2,49 21,652 . | 20.975 3.2
Delavere 3.290 2,626 2.12 4,664 l.2y 2,99 $.883 3.307 3.7
Flortda 73,656 63. 502 3.0 101.748 18.272 6% 121. 784 '19.966- 5.8
Georgla 27,186 21.663 2.10 38.554 26.702 2.97 48.680 22.279 . 3.74
Tdaho 1.170 0.364 -60 1.979 0.449 . 1,01 3.289 0.458 1.69
Illinois 35,479 25.103 1.44 52,094 20.941 2.10 70.178 3).61% 2.84
1odiana 26.285 19.899 1.74 37.86¢ 2,527 2,50 43,262 25,057 3.25
Tova 33.718) 29.325 3.32 46.557 36.146 4,54 $S Za2 36.928 5,39
Kaosas 3.272 0.351 .30 5173 0.7%8 .89 10,031 0,744 1.55
Kentucky 17.639 13,367 1.82 25,027 16.476 2,60 32.33% 16.83) 3.35
Loulsiana 8,947 $.034 «95 13.864 6.205 1.47 20.417 6.339 2.17
Maine 0.897 =0.048 .39 » 1.700 -0.059 - 7 3.207 «0.061 1.40
Maryland 24,756 20. 245 2.38 34,794 25.003 3.32 43,152 25.544 4.12
Hase. 17.626 13.034 1.62 25,364 16,065 2,38 33.683 16.413 3,09
Michigan 39.369 29.174 1.63 57,065 35.959 2.6 75.106 36.737 3.10
Minoesota  16.045 11.822 1.61 23.295 14.572 2.32 30.750 14,888 3.06
Mississdppt 7.062 4.419 1.12 10,694 5.447 1.69 15,181 5.5865 2,40
Missours  17.698 12.093 1.3 26,226 14,906 1.96 35.906 15,229 2.68
‘tontiua 1.299 0.534 .70 21124 0.658 1.15 3.379 0.672 1.63
slebraska 2,508 1.177 .70 4.764 1.451 1.14 7.600 1.482 1.82
Nevads 4.207 3,588 2.96 5:533 4,422 4,07 7.037 4,518 4.90
Nev Zamp. 4.294 3.469 2.23 6.063 4,276 3.13 7.590 4.369 3.91-
New Jersey 28.677 21,995 1.82 41.148 27.111 2. 60 53.144 27.698 3.36
New M. cico  3.204 2,036 1.15 4,835 2.509 1,72 6.825 2,563 2.44
Yev York 35.799 23,848 1.26 53.395 29,395 1.87 73.917 30.031 2,59
8. Catlina 31.599 25.031 2,05 44.894 30.853 2,90 56.891 .52 3.67
N. Dakota  =-0.320% -0.894 . .23 ~0.096 -1.102 .07 0.767 -1,126 .54
Ohto 42.001 30,389 1.52 61.297 37.446 2.22 81.686 . 38.257 2,95
Oklahoma 11.492 7.892 1.34 17.013 9.716 1.98 23,253 "9.926 2.70
Oragon 10,085 7.413 1.60 14.651 9.137 2,31 19.365 9,335 3,05
Penn. 37.328 24.586 1.23 $5.823 30.305 1,83 77.663 30.961 2.5%
Rhode 1s. = 2.631 1.866 1.45 3.860 2,300 2.12 5.194 2,350 2,85
S. Carolina 12.762 9.606 1.71 18.414 11.840 2,46 24.032 12,097 3.2
S. Dakota  0.392 -0.327 22 0.915 0,403 .52 2.044 . =00412 1.17
Tennessse 27,449 22,214 2,25 38.734 27.381 1.15 45_.1.32 27.973 3.94
Texas $5.595 41,202 1.63 80,581 50.786 2.36 106.049 51.884 3.10
Utah $.787 4.617 2.11 8.204 5.691 2,98 10.350 5.815 3.76
Vermnt 1.308 1,047 1.38 2,221 1.290 2,03 3,017 1.318 2,76
viritota  30.070 24,398 2,27 42.398 30.073 .19 52.926 30.7:4 1.9
dashingeon 10.576 6.526 1.09 16,066 8.044 1,65 22.527 8,218 2,36 .
¥ Virginta. 3.90) 1.805 77 6.268 2,225 1.24 9.727 2,274 1.92
Wisconssn 13,546 9.012 1.25 20.212 11.108 1.86 27.997 11.348 2.58
" Wyoatng 0.354 0.0 31 .0.661 0.0 a7 1.227 0.0 1.43
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CONTRACTORS' SURVE&. STATISTICAL ANALYSIS

This appendix contains the methodology and results of the

statistical analysis of data obtained by purveying:contractors. Flow
chart is given for the compuﬁer program used in carrying out the -

analysis. : o
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APPENDIXIH
STATISTICAL ANALYSIS_OF CONTRACTOR SURVEY RESPONSES
FOR MANHOUR REQUIREMENTS PER SOLAR SYSTEM
_ A statistical analysis was conducted to show the time requifement
‘for each stage in a solar system (design, installation, maintenance and
repair). Names and addresses of-persons identified as potential solar
contractor/builders and solar installers were obtained from:
1. National Solar d@ating and Cooling Informatipn Center.
2. Solar Energy Industries Assoclation. |
3. The Bureau of Housing and Urban Developmehﬁ, and ERDA
demonstration projects; .
4. Solar seminars and solar conferences.

5. " Solar energy societies of several states.

Data were. collected nationwide using the contractor survey form '

(Appendix J). The first part of the form asked questions regarding

system type and the application area with which the regpui:lent would be famil- -

iar, The second half contained questions on system size and time
requirements. The statistical analyéis was performed on the data
extracted from the second half to derive the functional relationship
between the time requirement and system size.

Survey Statistics

Six hundred and sixty-five forms were mailed. Twenty-five forms
were returned uqopened because of 1incorrect address, no forwarding address,
or addressee unknown. Thirty-one percent of the list responded to
the survey. 22.4%Z of the respondents supplied no information for the

following reasons:

-126- 15y



[
1. "Not qualified to f£ill out such forms." -

2. "Not in business."

3. "Haven't installed any system yet."

4, "Only do design work for solar energy system."

5. - "Don't £ill out such forms."

6. "Studying socio-economic aspects of solar energy."

15.6% of the ;espondents supplied inconclusive information.
Therefore, the conclusions are based on sixty-two percent of the response.
Fifty percent of the responsés were based on new installations.

More than seventy-fivé percent of the responses were bésed on application

in residential sectors, which supports assumptions made by the equipment

+ group. 22.5% of the responses were based on commercial market.

Sebenty-three percent of responses were based on liquid systems, and

27% of responses were based on air systems. Ninety percent of responses

were. on flat-plate collector systems. The concentrating tracking and

" stationary collectors were used in less than 10% of the responses.

One question-asked on the contractor survey fgrm.was, "How many
persons are doing solar related workxin your firm?i" Responle to this
question determined that most firms employed 2 to 5 personé’for solar
related work.

The contractor survey form also asked, "Would you hire a solar
designer and/or insta;ler, if such a persons were available?" Response

to this question was as follows:

&

16¢
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1. 54.5% of respondents were willing to hire, if business
growth warranted.

2. 35% of respondents had no particular need because of

insufficient business. !

3. 5.7% of respondents said no, because they wanted to train
people themselves.
4.  4.8% of respondents did not answer the question.

Statistical Analysis

To determine the manhour requirement per installation, the data
were divided into groups as shown in-:Figure H.l. These groups were based
on the assumption that the manhour requirement for an installation may
" vary with
(1) building type (new or retrofit),
- (2) sector (residential, commercial, etc.),

(3) application (domestic hot water (DHW), and space heating (SH).

Therefore it was decided to perform statistical analysis of these
‘ groups separately. L‘\\
Manhour requirements for each inskallation wére divided into four
parts: manhours required for Design (tj), Installation (tj), Maipntenance
(ty), and Repair (tR). These four variables .are assumed to be dependent
on the size of collectors (s); there}ore, there are four distinct sets
of figures in each grbup for statistical analysis. Step by step proce-

-

dure for analysis of these sets is shown in Figure H.Z.

~

As a first step, the correlation co—efficient.rst was obtained for
each set using the program CORRE. The value for t-statistics derived
from rsieasily determined at what significance level the total collector
are (s) and the time (t) are related. When the significance level

. -128~ 161
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. Figure H.2

STEPS INVOLVED
IN STATISTICAL ANALYSIS
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was 95% or above, a straight line fit of the data was obtained through
tﬂ; linear regression prograﬁ ﬁULTR. An analysis of variance table was
also oﬁtained and the F-statistics value wés calculated. '"Lack of F:i.t:.'l
_test gave the confidence level for the straight line fit obtained. If"
the confidence level was 95% or better, the errors in predictions were
1y estimaéed, and the Z-test for the adequacy of the sample size was performed.
If the sample size is adequate for predictiong with a 95% confidence level,
then there exists a relationship between the time and the total ;ollector
are;. This relationship may be used to predict tiﬁe-values for systems
with given values of totalucollector area. (t is a function of s.)
1f thg significance level for correlation is less than 95%, (or
tht total number of obserQations less -than 5), the data points are
plotted on a graph to check the possibility of a non—lingar model.
If linear regression passea the "Lack.of Fit" test with less than
a 95% confidence level, then several Lon—linear models weré tested and

checked. These results are discussed next.

Results ~ .
{ Very little information 1s available on new as well as retrofit
residential space heating systems (groups C aﬁa f\fn Figure H.1l). There-
fore, the results of analysis on other groups are presented here. For
convenience, the results on design data from all four groups are presented
first, and then results on installation, maintenance and repair follow.

The results of the statistical analysis supported the assumptions made

by the equipment group:

. 1. The solar demand in the residential sector will grow faster than

demand in any other sector. |

2, Systems using flat-plate liquid collectors will dominate the

resident 1al market.
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The .study of design procedures indicates that design time is fairly
cénstant for a type of system, independent -of the size. The same result
was obtained through statistical analysis. The hypothesis that the design
time is independent of total collector area could not be rejected for new
space heating/domestic hot water (SH/DHW) design data, retrofit DHW design
data and retrof::. SH/DHW design data. The h;pothesis was rejected for new
DHY design data; the percent Variability of the data explained was low and
Z-test indicated that the sample size used in analysis is not adequate for
accurate predictions. Thus, there was insufficient evidence to accept
the hypothesis. For small variations in the total collector area, the
design timg\for new DHW systems was almost the same, when 95% contidence
level bands were considered in the calculations. Thus the design time is
considered to be constant for all groups. The data on design time is
depicted in Table H.2, and the results of regression analysis are shown
in Tables H.3, H.4, H.5 and H.6., In Figures H.3, H.4, H.5, H.6; and H.7,
where 95% confidence level bands are also drawn, the design time for the
typical domestic hot water system is '15.3 manhours (new) and 18.62 man-
hours (rétrofit). The total collector area for thé typical DHW system
is 50 square feet. The design time for the typical space heating and
hot water combined system with 300 square feet total co.izctor area is
53 manhours (new) and 24 manhours {(retrofit).

That the installation time is a function of the total collector area
s accepted for this project because the hypotheéis of independence of
installation time and collector area was rejecked with suificient evidence
for all installation data. Table H.7 summarizes the response data on
installation time versus collector area for each type 6f construction‘and
each type of system. The tables H.8, H.9, H.10, and H.1l1 show the results

of reg-ession analysis on these data. The plots of the best fit equation

-1371.'
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TABLE H.2

RESPONSE DATA ON DESIGN TIME VERSUS TOTA# COLLECTOR AREA

NEW | RETROFLT
DHW SH/DHW DHW SH/DHW
COLLECTOR AREA | DESIGN TIME | COLLECTOR AREA | DESIGN TIME | COLLECTOR AREA | DESIGN TIME | COLLECTOR AREA | DESIGN TIME
(x) (y) (x) (y) (x) (y) (%) (y)
23 2 490 20 1000 40 66 5
48 2 1053 60 40 12 96 10
80 40 4500 200 50 12 128 3
58 2 720 100 40 30 64 8
252 60 148 10 43 7 96 8
28 20 176 65 68 8 420 8
15 15 360 40 264 45
36 10 724 50 44 8
. 1200 100 65 5
= 864 ~ 128
P 64 8
128 8
638 40
240 32
400 30
276 35
384 14
225 60
468 10
294 20
180 15
378 75
360 100
432 35
320 100
840 24




TABLE H.3

RESULTS OF REGRESSION ANALYSIS ON NEW DHW DESIGN DATE

g

EQUATION ) ‘
A B RES ERROR . R-SQUARE MAX DEVIATION
Y=A*X
0.25415 154.75700 0.69920 19.66831
YaA+B*X
3.63082 0.22924 145.19933 0.71777 18.03032
Y = A* EXP (B * X)
4.73824 0.01019 . 205.35751 N.60084 29,28911
Y=1/(A+B*gX) : _ -
0.29955 -0.00105 347.78824 0.32400 35.13691 .
Y = A + B/X
| 34.36414 -536.56295 383.89903 0.25381 27.76508
(WS ]
T Y = A+ B % LOG(X)
-51.62577 18.51997 ) 214.56055 0.58296 18.82477
Y = A% XP
0.54425 0.74657 298.28567 0.42022 26.22481

Y = X/(A + B * X)
0.28809 - 0.2:148 735.05425 -0.52592 55.29674

EQUATION Y = A + B * X nAS MAXIMUM R-SQUARE

EQUATION Y = A + B * X HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

0“9
164 154




TABLE ii.4.

‘ RESULTS‘OF REGRESSION ANALYSIS ON NEW SH/DHW DESIGN DATA

EQUATION o
A B RES ERROR R-SQUARE MAX DEVIATION )
- 4
Y = A*X , ;
0.05640 1505.31186 0.29652 81.95226
Y=A+B*X
28.29849 0.04011 942,59361 0.55949 58.37638
Y =A% EXP (B * X)
26.21621 0.00056 1799.04162 0.15925 120.10142
Yel/(A+B*X)
0.04903 -0.00002 4344.,17200 -1.03018 253.99434 #
|
w Y = A + B/X .
v 75.16252 -6572.02025 1702.21848 0.20450 126.297%%4
Y =A+B * LOG(X) '
~166.52911 36.55584 1139,20195 0.46761 59,02750
Y =A% xB
0.56945 0.69495 085.46792 0.53946 68.63725
Y=X/(A+B*X, | |
8.16295 0.01202 1899.99189 0.11207 127.70401

EQUATION Y = A + B * X HAS MAXIMUM

EQUATION Y = A + B * X HAS MINIMUM

R-SQUARE

(MAXIMUM ABSOLUTE RESIDUAL)
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EQUATION
A
Y = A * X .
0.05118
Y=A+5 %X
12.77679
Y = A % EXP(B * X)
10.38440
Y=1/(A + B * X)
0.11082
Y = A + B/X
38.24158
Y =A<+ B * LOG(X)
-28.06523
Y = A ¥ XB
1.59940
Y = X/(A + B * X)

2.61123

EQUATION Y

H]

EQUATION Y

RESULTS OF REGRESSION ANALYSIS ON RETROFIT DHW DESIGN DATA

0.03222

| 0.00156
-é.OOOlO
~-1174.41668
10.56554

0.48735

0.04957

TABLE H.5.

RES ERROR
309.33828
155.28586
198.63873
397.62213
146.29083
117.61366
139.88648

250.30750

A + B * LOG(X) HAS MANIMUM R~SQUARE

A + B % LOG(X) PAS MININUM (MAXTMUM ABSOLUTE RESIDUAL)

R-SQUARE

-0.13002
0.43274
0.27437

-0.45252
0.46560
0.57035
0.48899

0.00562

MAX DEVIATION

31.48930
23.71618
29,32327
34.74224
21.11884
19.09021
20.78234

28.18276

e
LA™ W«.ﬁfx‘gﬂ
T
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! TABLE H.6. RESULTS OF REGRESSION ANALYSIS ON RETROFIT SH?DHW DESIGN DATA

EQUATION '
A : B RES ERROR R-SQUARE MAX DEVIATION
Y m A K*X -
i 0.02874 q 36.12858 -3.51637 7.24064
Y=A+B*X | . v
. 6.65269 0.00240 7.86587 0.01677 3.95928
Y = A * EXP(B * X) ' |
6.10041 . 0.00046 8.19804 -0.02475 3.62513
Y=1/(A+B *X) ,
0.18083 ~0.00009 9.42976 ~0.17872 4.19866
3 Y = A + B/X | :
@ 7.16032 ~15.56387 7.99268 0.00091 4.03872
|
‘ Y = A + B * LOG(X) v .
'5.68436 | 0.27825 7.95346 0.00582 4 .03444
Y-A*XB \ ’ t .
5,40706 0.03957 8.29414 ~0.03677 3,55170
Y=X/{A+B*X)
21.30298 0.16148 9.73341 ~0,21668 4. 04422

EQUATION Y = A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATION Y = A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)
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PARAMETERS

Y=A+B*X

Ay

A=
3.63081657338

B =
0.229235841002

R-Square =
0.717774131165

RES ERROR
145.1993298

MAX (ABS (RESIDUAL))
18.0303161465

FIGURE H.3 PLOT OF BEST FIT EQUATION

DESIGN TIME (Manhours)

o

.

FOR NEW DHW DESIGN DATA

E+1 ‘/,
+6.00 | o
+5.00 R )
+4.00 [~ Z] }:
. /“i .
+3.00 ot / '
)/ ) - ‘t\. 95%.conf1dence
// bands
+2.00 oL ]
: 7
'K'
+1.00 - .
" 0.00 5 ‘4
. . (L , 03 ' 1 . 1 1
"~ ) v ' v g R
/
/
1.0.00 +0.50 +1.00 +1,50 +2.00 E + 2

Collector Area (square feet)
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p—
d
7

PARAMETERS

Y=A+B*X
A=
28.2884867493

B =
0.0401097703813

R-SQUARE =
0.559493302356

RES ERROR
942.593605651

MAX (ABS(RESIDUAL))
58.8763839486

)

H
~1

FIGURE H.4.

DESIGN TIME (Manhours)

PLOT OF BEST FIT EQUATION FOR NEW SH/DHW DESIGN DATA

T 4 /
E+ 2 /
+2.00
+1.50 AL
X
/ e
+1.00 - oy / ~ Y. 95% Confidence
T - ‘ ;// Bands
e
e
X / -~
x P -~
+0.50 x” A
-+ ‘f/.
/XY‘: '
X A
. 0.00 x* A | ‘
! T t 1 + ~
L 0.00 +1.00 +2.00 +3.00 E + 3

Collector Area (square feet)
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FIGURE H.5 PLOT OF

PARAMETERS

Y= A+ B * LOG(X)

A=
-28.0652290566

B =
10.565544804

R-SQUARE =
0.570354824341

RES ERROR
117.613661895

MAX (ABS (RESIDUAL))
19.0902074075

15

E+1
+4.00
)
M 43,00
]
£
a
(3]
G
=
-
£~
&
= +2,00
i3]
a
+1.00

BEST FIT EQUATION FOR RETROFIT DHW DESIGN DATA

0.00

,10.20

30.40 ‘+0.60

f0.80

COLLECTOR AREA (square feet)



FIGURE H.6 PLOT OF LINEAR FIT EQUATION FOR RETROFIT DHW DESIGN DATA

PARAMETERS
Y=A+BX*xX
E+ 1
A =
12.7767860249
B = +4-00 !
" 0.,03222362191834
R-SQUARE =
0.432737494857
RES ERROR o
155,28585941 3
| € +3.00
YAX (ABS (RESIDUAL) ) jg
23.7161777887
2
| (2]
f~ &
-t Pl
{ [72]
[43]
Q  42.00
~=77 K
L T 95% Confidénce
+1.00 Ly ”~ Bands
L /7
5;;//./’
‘ 1/
. 0.00 ,+0.20 +0.40 ,+0.60 +0.80 , E+3

COLLECTOR AREA (square feet)




FIGURE H.7. PLOT OF BEST FIT EQUATION FOR RETROFIT SH/DHW DESIGN DATA

' PARAMETERS y
Y=A+B*X L_: +]
A = ’.4'6000
6.65268718322
B =
0.0023952608054; +5.00
P *
R-SQUARE =
0.0167668256379
RES ERROR
7.8658653949 S N
e
MAX (ABS (RESIDUAL)) 3
3.95029¢056631 .ﬁ
| E »o+3'00
~ 3 -
v 2
E—(
o 957 Confidence
—— —_— -~
.00 =
VY
I.!:l B
(]
e ———
—
0,00 - 1 ; --‘_~___: ,
{
+1.00 +2.00 +3.00 E + 2

COLLECTOR AREA (square feet)
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0
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TABLE H.7

RESPONSE DATA ON INSTALLATION TIME VERSUS COLLECTOR AREA

NEW RETROFIT
DHW SH/DHW DHW SH/DHW
COLLECTOR AREA | TNSTALLATION COLLECTOR AREA | INSTALLATION|.COLLECTOR AREA | INSTALLATION| COLLECTOR AREA | INSTALLATION
' (x) TIME (y) . (x) TIME (y) (x) TIME (y) (x) TIME (y) .
23 22 480 300 1000 900 64 24
48 16 4500 1750 40 26 96 24
50 24 720 260 50 24 420 120
252 400 148 42 40 48 128 120
60 32 176 200 43 54 240 80
15 38 576 280 68 90 320 160
48 32 360 . 80 44 64 66 30
48 6 724 125 65 48 96 46
I 36 20 468 - 360 40 26 470 100
5 740 525 50 58 96 20
v 864 200 64 % 128 120
. 64 24 80 40
128 32
. 840 320
429 280
630 240
240 75
400 200
276 150
384 64
225 140
468 124
700 180
294 80
42 25
180 200
800 80
373 75
- 360 180 re
1 S0 1260 160 15
432 80
Q 360 56
256 23



TABLE H.8.

RESULTS OF REGRESSION ANALYSIS ON NEW DHW INSTALLATION DATA

“) .
4
EQUATION
A B RES ERROR R~SQUARE MAX DEVIATION
- \ i
Ye=A*X |
1.39822 . 1979.17658 0.89097 © 51.89331
Y= A+B*%*X
~ -42.35854 1.70785 729.01199- 0.95984 . 46.74030
Y = A * EXP(B * X)
12,31047 “ 0.01340 316.94330 . 0.98254 39.31952
Y=1/(A+B *X) ' ' *
0.06701 -0.00025 6144.83362 0.66148 205.48958
!
- Y = A+ B/X _
T 158.68697 ~3392,99688 13919,84883 0.23315 254.77730

Y =A +B * LOG(X)

-448.69803 - 135.04930 5644.03788 0.68907 112.97775
Y = A% XB :
0.59113 1.01967 7992.57195. 0.55969 : 233.91937

Y=X/(A+3B*X .
0.12699 0.04811 20663.64726 -0,13837 379.42795

EQUATION Y = A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATION Y = A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

. ' f 180
183 f
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EQUATION
A

Y=A*X
0.35933

Y=A+B*X

Y = A * EXP(B * X)
81.68933

Y=1/(A+B *X)
0.01453

Y = A + B/X
- 269.24568

Y=A+ B * LOG(X)
-1088.58784

Y =A X XB
1.07497

o

Y = X/(A + B * X)
1.86759

RESULTS OF REGRESéIQN ANALYSIS ON NEW SH/DHW INSTALLATION DATE

0.36490

0.00078

-0.00001

-18109.29517
216.10105

0.80115

0.00440 .

TABLE H.9.

RES ERROR

10876.60710
10827,74484
42131.79116
124600.70485
82083.60696
53448,24005

30628.46473

85631.,21444

EQUATION Y = A 4+ B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATION ¥ = A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

R-SQUARE

0.87799
‘\
0.97854
0.52738
-0:39774
0.07921
0.40043

0.65642

0.03941

MAX DEVIATION

292,75855
291.21509
1013,52783
1857.07839
\ .
148477861
102078193

841,83930

1542,20979
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TABLE H.10. .

RESULTS OF REGRESSION ANALYSIS ON RETROFIT DHW INSTALLATION DATA

EQUATION f '
= A B RES ERROR R-SQUARE MAX DEVIATION

\
Y=A*X
\ 0.30076 { . 562.11034 0.99160 .38.35136
\\¢A+n*x N
_ 2.00568 0,09768 559.26020 0.99166 - 36.54253
Y = A * EXP(B * X) \
36.70688 0.00323 721.37552 0.98922 50.87653
Y=1/(A+B *X) ’
0.02773 ~0.00003 805573.04540 . -11.03309 2836.85786
. '
- .Y = A + B/X
o7 ' 634.77758 -28026.20652 24053.35507 0.64071 29324862
4 Y = A +.B * LOG(X) . .
’ -1008.37497 . 269.428% :  +  3925.18782 0.94137 132, 26812
- Y aA®x | :
g . 0.79510 1.01626 490.65626 - 0.99118 : 41,55255

.
‘ Y % X/(A + B *X)
: 1.38446 -0.70130 11322888.51070 -169,13339 10640.60126

EQUATION Y = A + B % LOG(X). HAS MAXIMUM R-SQUARE

EQUATION Y = A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

Co



C S o TABLE H.11. | - .

RESULTS OF REGRESSIOI‘f ANALYSIS ON RETROFIT SH/DHW INSTALLATION DATA

) -

EQUATION , : ,
A B RES ERROR __ R-SQUARE MAX DEVIATION o
.-‘ o & , ) \, . . Y
S _
YmA®XX - |
0,33645 2098.38468° 0.24489 76.93404 : ,
. YmA+B&X | ( - ‘ :
' 34.08833 0.22082 1608.36803 0.42122 57.64631
Y = A % EXP(B * X) :
29.94871 . 0.00358 2226.16347 0.19891 72.61888
Y=1/(A+B *X) . A
_ 0.03602 -0,00007 . 22272.96753 . -7.01500 418.67745
L Y = A + B/X - ’
& © o 142.18698 -8172.63363 . 1063.07997 0.61745 . 42.35250
! L Q . !
Y = A + B * LOG(X) ~ | ,
-181.40716 51.45140 1247.51848 0.55108 ' 51.76341
R R AN
Y = X\*\§f . . .
+92829 . 0.83035" 1740.56022 0.37363 , 67.83171
Y=X/(A+B*X) N ' |
2.64330 0.00Q52 1992,.76110 0.28290 72.76263

EQUATION Y = A + B * LOG(X) HAS MAXIMUM R-SQUARE

EQUATION Y = A + B * LOG(X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)
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. R N A * [ .
(and \linear fit, if required) are Shown. . ' B
. ] et Y .

The inétallation.tiﬁe for a typical DHW system was 44 manhours ' '

~ ’
A

(fsrleqth, new ?nd retrofit), whﬂie the 1n§tallation time for a typical- '
SH/DHW system was 183 manhours (new) and 121 manhours (retrofjt).( Tﬁe
installation -time ébr a“typicgl wa as felatively the same, but’varied ' N
considerably for thelgypical SH/DHW. This ﬁay'b;$5écause of the type'of
construction. ° . ‘ . - SRR |
In prgparing;the tasi andlysis, it was 'learned ;hat maid?enan:ehiime, .

eimilar to design time, should be the same for systems witb smail varia- © o
“tions inuthe‘;otal Eoliector:areaf The*statisticgl analysis suﬁported
: . N

\this- conclusion. The hypothesis that theuméintenance time is independent .

LY

: .
of total collector area was. accepted to insufficient evidence for dependence.

-

(Statistical t-tests, sample size Z-tests and;tﬁe variability of data o
. . ™ LI [ S

explained). Insufficient info%matipn was available on the maintenance

time of ret}ofitted SH/DHW systeméi Th€ response data on maintenance time

~ .
~— I3 ~

versus collector area is‘listeg‘in,Table H.12. The results of regression
analysis on these data are‘shown in Tables .13, H.14 and H.1l5, and tﬁe : ’
plots of b;st fit and linear fit.are-shcwn in Figures H.l?{ H.13 and H.14.
The maint;nanchtimes for typical DHW s&stems were 7 manhours (new) and
2 manhours (retrofit), and for typical SH/DHW systems'it is 9 manhours.

‘Little information was available on the repair time of a system because
of the randgm nature df the rep;;r problems encountered and thg inability

.

to predict, in advance; the time requirement for that prdﬁlem. Furthermore,

™
Y,

no records of repair, at‘prgsent, have been‘kept by solar contractors:.
Limited data on repair time are avéilable for‘new SH/DUW sysfems and the
apalysis predicted approximately 7 manhours were required for the repair
of'new°typical:SH[DHw sy;tem.

It is evident from this statistical analysis that the sola;.enérgy

industry is not mature enough at present to provide a statistically large

-us- 19¢
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. : K .o - t . - s . .
e Ty - . v 1y
‘ : e . TABLE H, 12 < Y
:' ° ' RESPONSE DATA ON MAI@:TENANCET’IME VERSUS TOTAL COLLECTOR AREA S 3
o , . et . . . a ot ’ ’ . ) . ' .
_ NEW- . “RETROTIT )
'DHW SH/DHYV DHU~ | SH/DHW .
- ] ‘ - . . ‘ . ST . . | .
COLLECTOR AREAg} ' COLLECTOR AREA |MAINTENANCE™ | COLLECTOR AREA.| MAINTENANCE | COLLECTOR AREAJ‘MAINTENANCE
= (%) TIME '(.y) . (x), . |TIME (¥) (x) | TIME (y) N ¢')) TIME (y)
23 .1 480 5 1000 120 L o
48 2 . 1053 8 .40 R ™. NO DATA|AVAILABLE
89 8 720 10 50 1. X1 .
. 50 2 | 148 Yo ' 40, 1, :
252 28 176 3 ‘50 1 .3 F -
e 576 10 - 64 ‘2°
’ ;- 1200 40 80 1 B IR
‘ 864 ° 20 -
L 429 . 8 )
5 " ¢630° © 20
[Ve] . ‘3
T . 4“43? 5 :
‘ 276~ 5 '
v, 225 - 12 .
: - 468 10 ’ N
700 4 e : ‘
294 . 16 ' '
- . " 306, . 24
42 2.
. 378 e , .
- 368 3
. ‘ 720 .30 »
. 432 2 -
{ . .
\
.\ ' \P ) ]
" 1 QC
. \ AN |
19 ‘ . , N s /
o ‘ : '
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TABLE H.13.

RESULTS OF REGRESSIONAL ANALYSIS ON NEw'bHW‘M%INTENANCE DATA

v

4
-

'EQUATION Y = A + B * LOG(X) HAS MAXIMUM R-SQUARE

- SR o T
T ¢ Mo . .
" EQUATION |
. A B - RES ERROR ¢ R-SQUARE
. « . §oo
Y= A *X _ ’ < )
. 0.07841° ‘o, 3.4951 0.95891
.~ . \ . \ . . . N s
Y=A+B*X : :
a1 0791 008508 . 1 2,56537 ~ 0.96984
Y'm A %" EXP(B * X) ‘\ ' ﬁ S :
t 1.)24011, , - 0.01181 . % 14,5265 0.82923
Y= 1/(A+B *X) o . | ‘ o
. 0.78645 . =0.00300 560.57081 . -5.58978
Y = A + B/X S . ' Lo
15.00279 . -416.88840 34,95154 . 8.58913
o . . '
Y = A + B * LOG(X) . ,
-29,29739 8.61428 ° 7.91835 0.90692
- Y -.A * X'B 2 b
0.01419 1.33156 5.36150 0.93697
Y = X/(A+ B *X) .
25,21952 ~0,07332 105.69798 - ~0.24253
\ _ .
.

EQUATION Y = A"+ B * LOG(X) HAS MINIMUM (MAXIMﬁM-ABSOLUTE'RESIDUAL)

192

-

}

!

&

Al

—

MAX DEV

®

1.92028

s

TATION

2.30181.

4.78727

40. 58309

"6.65153

3.27737

3.14553

17.37806

‘\
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R . ' - | v
L TABLE H.14. - - .
. ’ ’ . . . "' ?
g RESULTS OF REGRESSION ANALYSIS ON NEW SH/DHW MAINTENANCE DATA =+ ™
‘~ , . ’
e * EQUATION . : | C A ' R
LA . . B! . RES ERROR R~SQUARE / MAX DEVIATLON
i _ - * -
] . . Y - A * x ¢ .. . EN .
Co *0.02190 . ~ ° 70.79189 ©0.33360 - 17.34104
. YwA+B*X . T ‘ - ). -
. .. 1.23639 0.020Q3’ 70.37220 - ° ., . 0.33755 * 16.67524
: o ‘ 7 \ | .
c.: * . . "\ . ' - C' k
Y = A % EXP(B * X) . ' o s :
o © '3.40520 0.00167 - " ¥ . « 72.36314 0.31880 Y.~ 18.63975
L , s | % e . : .
- Y= 1/(A+B *X) . p : .
. 0.29963 -§-Q0025 , 2320.48706 ~20. 84408 % - 211.53856
. . . e - ) . - > - . - . : . .,5 . -t .
- Y =A+.B/X .- o o o SR
woob - 13.48087 . =659.02347 ‘e 95.87778 0.09745 . . 27.06832
| . 3 . . . . . ' s, @
. Y = A + B * LOG(X) - ; . | . o .
. -28.18779 6.55753 81.40982 ©0.23364 . 21.69442
B - s - S . - : ° |
YwA®X , ] . : .
0.15620 ° 0.65186 85.38179 7 . 0.19625 © . . 24,11865
_ Y =X/(A+B*X e .
" . 17.14464 - . 0.11685 . .. 123.58803 . -0.16341 ° ., 32.37429
[ [ N ' f \’ ' . -2
EQUATION Y ='A + B * LOG(X) HAS MARXIMUM R-SQUARE . b £
¢ _ ° . . ’ .
EQUATION Y = A + B *'LOG(X) HAS MINIMU{ (MAXIMUM ABSOLUTE RESIDUAL) '
- & ) . .. °
t ' . _ T v \Jf’\\ -
: e, .
o '
202
. . . ’ :
201 : f

kg
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N

'

EQUATION
A

@Y wA*X

. 0.11828

YwA+B*X
-5,22776

Y = A % EXP(B * X)
. .1.04411

Y =1/(A+ B *X)
0.85139

Y = A+ B/X
94.72529

Y = A+ B * LOG(X)
. =149,19312
Y=A®YX
0.00426

.Y = X/(A + B * X)
34,40554

RESULTS OF REGRESSION ANALYSIS ON RETROFIT DHW MAINTENANCE DATA

0.12507

0.00474

-0.,00084

. 448333281

38.28169

1,46113

0.10616

TABLE H.15. °

RES ERROR

33.21542

,,/a4.35993

/

0.76636
117.26917
702.88%35
112,.48147

53.52793

2549.44986

EQUATION Y = A% EXP(B * X) HAS MAXIMUM R-SQUARE

t .
EQUATION Y = A* EXP(B *.X) HAS MINIMUM (MAXIMUM ABSOLUTE RESIDUAL)

]

2
B
A

R=-SQUARE

0.38621

0.99919

0.99968

0.95130

0.70810

0.95329

0.97569

-0.05877

MAX DEVIATION.

.8.46214
3.777%
1.67658

24.133§2*

37.68363

17.55827

46.94528

112.88579.

20
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Figure'H.lz

PLOT OF BEST FIT EQUATION FOR RETROFIT SH/DHW INSTALLATION DATA

Parameters

Y = A+ B/X

A=
143.186975172

B =
-8172.63362809

R-SQUARE =
0.617447015811

RES ERROR
1063.07996552

MAX (ABS (RESIDUAL) )
42.3525039162

Installation Time (manhours,

[

42

1. 60

+1.40
-

1,00

5
o
o

+0.60

+0.40

+0.20

1,20

£2.00

€

#3.00

E+ 2

Collector Area (sq.

ft.)

29

v



- | ' Figure H.13 " )

PLOT OF LINEAR FIT EQUATION FOR RETROFIT SH/DHW INSTALLATION DATA : .
Parameters ‘ i
s n
Y=A+3B*®X 42
A= ;1760
' 34.0883326208
B = .
+1,
0.220823136145 B 40
R=-SQUARE = '
0,421223230488 20
~~ -
PES’ ERROR 9 ‘
1608. 3680264 8
"(ABS (RESIDUAL)) '§ +1.00
57.6463059527 ~
! | :
th o
s &
: .
g +0. 80
sl
&
3]
el
o
E +0.60
R
H s ~ 95% Confidence
: Level Bands
g P ev an
+0.40 " V4
i e / / ‘
k." w . ~—~——
| 20.20 v Y
Q0 - ¥
+1.00 ,+2.00 #3.00 , E + 2
‘ 4

208

Collector Area (sq. ft.)

'3
————
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Y -s1-

" R=SQUARE =

a

FIGURE H.14 PLOT OF BEST FIT EQUATION FOR NEW DHW MAINTENANCE DATA

PARAMETERS

Y=A+B*X

A= SR
-1.10790988209

B =
0.0850762680142

a

0.9693427085686

RES ERROR
2..6537369767

MAX (ABS (RESIDUAL))
2.30180844095

COLLECTOR AREA (square feet)

-
Lo+l )
B . /
+2.00 / '
o (]
~
0
H o 1+1.50
£ 7 .
g O |
' E S KASZ Confidence
. 2 {4100 . level bands
E a -
!
' +0.50
e | ’
[+4
0.00 7, T . -
L L L .. (,»
{7 s
. . l
+0.50 +1.00 +1.50 © +2.00 E+ 2
" .

210
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,ipduétrﬁ 1e‘not maturé enough at present to provide a statistically large"

sampIe so that accurate predictions of the time requirements for each stage
can be'made. However, certain conclusions can be made: _ C .

. 1. The desién t}me can be ronsidered independent of total collector

-

area for a given generic type'of the system.
. 2. The installation time ia a direct function of the total

collector area and varies significantly among different types

A ]

. e .of construction with the same collector area.

3. The maintenhance time depends on the type (DHW or'SH/DHW):Bf
system rather than the size. C2

L 4

-

- It ghould be noted that the results derived above’are not independent -
. € .
- . of learning curve effects, climatological variations, effects of building
* . ' N . ) » : V
codes, and other relevant factors. A regional statigtical analy?}s was

A\l

‘not possible fromt the sample collected. ) : _ . '\\
¢ . . ) - - : . / .

1;
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o 7, 8 APPENDIX I
o ' PERSONAL INTERVIEWS, SOLAR MANUFACTURERS/DISTRIBUTERS/DEALERS
. | N\
\ . This appehdix contains information regarding the persomnal inter-

¢

/e

views that were held with representaoivés of the solar industry

\d
1]

© Questions wére asked regardéng insfallation times, required ékflls,

L4

sequences of crafts, etc. A statistical treatment of responses is given

. - - and the industry representatives and their affiliations are listed.
. ¢ . N - .

- ’

° o . o
a

&
[

N




- ’, \
+ . , % .
.- MAIUFACTURERS/DISTRIBUTORS/DEALERS ’
| INTERVIEWED S T
“Mcurex Corp. . . . - . Energy Cu.iverters o
'415/964-3200 ST . 615/624-2608 '
Contact' Ed Rossiter ., , - Contact: David Burrows
. Albuquerque Wedtern Industries Falbel Energy. SJStemS “ 2
505/344-7224 . . . 203/357-0626 . ,
. Contact: -Lloyd Hart - - Contact: Jim Love .
Alten Assoc. T ' Hamilton Research
415/969-6474 ' . 213/241-3057
Contact: Bob Roller* » Contact: R. A. Ham{lton
M'American Appliance Mfg . _ B Largo Solar Systems
213/829-1755 ’ 305/583-8090 ,
Contact. Shean McCoy Contact: "Ron Hannivig . .=
: American Solar Heat Corp : . Lennox
203/792=-0077 . » . 515/754-4011
Contact' N - ' Contact: Tedrﬁilles
, | o . _ ) . .
American Heliothermal Corp. 0.E.M. Products, Inc. -
303/778-0650 ' . 813/247-5947
Contact: Secretary | Contact: D.W. Barlow, Sr.
Chemical Processor - . Pacific-Sun, Inc,
.- 8137822-3689 ‘ 415/328-4588 '
" Contact: Ed Hudock ‘ . Contact: Harry Whitehouse
o . : .
Cole Solar.Systems, Inc, R-M Products |
512/444-2565 . ' 303/825-0203 :
Contact. Warren Cole Contact: Steve Piro
- CSI. Solar Systems Division f— So1-Aire
813/577-4228 415/632-5400
- Contact:. Roy Sallen Contact: Bruce Springer
Dé} Star Corp..' ' , ‘ " Solar Applications, Inc.
617/272-8460 ' 714/292-1857
tontactn Mine sullenges ' Contact: Frank Ames

~158- 5?1gj
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L MANUFACTURERS/DISTRIBUTORS/DEALERS
- (continued) . .

-

Sdlar COméort Systems /,
305/842-8935

;ontact. Don Kazimir
I - .

-
L

%oIar Dynémics, Inc. \ . .

/305/688-4393 "o
. Contact: €Ed Jester "

~ ot ' )
Solar Energy Products, Inc.
Concact: Chris Bjsset_ o

Solar Energy SySters, N
609/424~
Contact: John wopd

Solar Innovat?ons B
813/688-8373 - ,
Contact: Joe Conrad . W

Solar Kina
8§17/776- 3660
Contact: -Thomas Bennett

"Solar Sun : -
£13/241-4209 , : .
Contact: - Sal Santor

Solarcoa -

213/426-7655
Contact: Ken Parker

‘ . | .. ~150-< 1 A
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SOLAR \l\.\'UF-\CI'IIRF R/DISTRIBUI‘OR/DE\LFR I\l'l"ERVIn"S C N
& - ' - CONCERNING: - -

_ TNST.ALL‘\TION TIME AND TRAINING PROGRAM '

[ . ]

[

.bhnufactprers of solar water and space heating systems and the

5 “\

distributors/dealerships which install them c?ﬁStitute a large por-

tion of solar.iﬁdustry.in thé'Uhited State;. Ppoﬁé-iﬁterviews with
a representative portion of  these pérsons weré‘conducted to determine
the installation time and the traxnlnq progranms . used by this part of

\\the industtry. Twenty- ning (29) of these manufacturers and distr1b- . '

utqrs/dealershlps were contacted, and the results are' contained in .

the following/gepért. The list of'interfiqwees is attached after this
. . (‘\ . .
‘report. . . < L .

4
< ' A

Flrst a few observat1ons on_ the 29 interviewed are approprlate. .
The companies” contactéd var1ed from 1ar0e scale manufacturers fo small
operations whlch install systems as a sideline. In general, the

larger manufacturers had bet;er_tféiningqprpgramgfénd gave a more con-
"plete resbonse tq the,qggstionnélre. The tespdnses to the questions -
concerhing water heatinv'svstems were far mére complete'than'the re-
sponses to the space heatlng qyestlons due to the small percentage of

dealers in this area, and the multltude of parameters hhlEh affected

’

conscientious responses. . : | . -

RN

A. INSTALLATION TI\IF ® . e

1. hhat is the 'total installation tine xoqué"fnmn hours)
for 1n>talTat1on .

amer hcat1ng; 89.%% of the companies responded, as shown i /
v e Fieure 1. Notice the clustering at 16 and 24 hours. This

s o bwoseots fuct a erew of 2 ér 53 usually instullvtho system

inon. & . Uindre 2 redenicts the data in Fieure 1 and

‘ - -160- 215



indicate'é .the vast majority of the-installations ¥equire bg

/-

22 24

tween ls;ahd"'ZA man hours.

~,

[ 4

L

% £ 30 -3
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0 0
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-

4
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Space heating: 31.0% of the companies responded, as shown in-

Figure 1. Man-hours required
. L]
. Y _ .

.o Hrs; . |
. 0-14  15-24 =25

% 28 - 60 12

- L L

Figure 2. Grouped‘i*?espgnses for hot water i

H

J

¢

Y

Figure 3. There are no trends in +hese figures duc -to ‘the
. A . .

S
nstallavion -time.

n‘..

, ambiguity (lack of specification of size) of the question.

oo

(%]

-

for ho; water system installétion.

L%

4
Hrs..
20 40 60 80 100 120 140 160 180 200 450
1250 25 0 25 0 0 0 0 12,5525

N

. 1‘ 1 .
e <o

-

Figure 3., Mun-hours required for space heating systom installation.,
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What. kind of.skills or crafts are used?

Water heating: 86.2% responded, as shown in Figure 4. It
should be noted that most of these skills are perfdrmed by
2or 3men. A qpalified or licensed plumber is almost cer-
iainly involved. " |

Space heating: “6.95 responded,'as shown in Figure 4. The
response shows plirhing to be anfessgntial part of the in-
stallation, with the other:crafts being used to a greater

extent than for water heating,

$ W.H. Sﬁli %SJL.
96 Plumbing .100

56 Electrical 80
24 Sheet Metal 80

48 Carpentry 80

4 Refrigeration

Figure 4. -Skills/crafts needed for installation of water
: and space heating systems.

How manyv ri=hours does cach craft spend on the job?

Water heating: 51.7% respenlsd, as shown in Figure 5. The
amount of plumbing required doponds en the lecation of the
collectors with respect to tie water heater., ‘The amount of

3

carpentry used, if any, depended on whether the iob was a

23
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retrofit or new installation. and the number of panels. The

electrical work consists only of wiring the pump (and other .

-incidentals, if any).’

Space heating: there was insufficient response to the question.

4.

. . _ “~
Skill - W.H. Hrs. . . S.H. %
3 6 9 12 15 18 21f 24 . 27 30 (2 cases)
Elec. 86 14 . .. 5 | 11°
1 | 1 | 1 1 1L i }
Plumb. 20 7 15 13 13 7 7 7 - 7 7 81
> Il ] i i 1 NS S E—
Hvac
| | ) l 1 | | 1 \
Sheet Mtl. 8
. i N | | L 1 L | [
. Carpentry 25 ) 25 ' 50' | | L . . )
/

Figure 5. Man-hours each craft spends on-the-job.

In what sequence are the crafts used?

The Sequente of the_cra[ts was the same for water and space
heating. Generally, the plumbers were used followed by the
eletttician. In conjuction with the plumbing wdé.thc car-
pentry work. These crafts alternated the sequence depending
on whether the collector plates were installed before or
after the plumbing, and whether the installation was new or

Tetroiit.

~-163- 218
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" 5§, How manv men are on a crew?

75.9% l.responde"d. as shown in Figure 6. The vast majoﬁty

‘'of the crews are two men. °

g

o | # of Men - .
'_-;w- » ’ . " ' . 1 " 2 3 // 4
‘ ° | ] 0o 77 1 g

1 ] 1

)/Figure 6.. Number of men on a crew.

6. About how much design time is required for each joh?

" . - 62.1% responded, as‘. shown in Figure 7. The lower end design.
times are the water heating design times and the computer
) designs. The figures above 7 hours, generally represent the
space heating design requirement. |
Design Time (Hours)

1 2 3 4 5 6 7 8 9-50 50-100

ey
w
o
38}
~3
o

14 0 0 0. 7 14 14
[ B I B B R S SN

Figure 7. ~Man-hours needed for design of water and space heating systems.

7. Who does the desion?

60) responded, as shown in Ficure 8. The obvious discrepency

-166- 21y
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8.

in the percentages is due to the ‘factithat most of the designs

are done by an engineer or a technician, sometimes with com-

puter assistance.

Engr. Tech. Computer

' g 75 38

Figure 8. Person doing design.

Mo vou have a trained technician or Foroman who is responsible
for the svstem check and start-up? .

65.5% responded, as shown in Figure 9. Self-explanatory.

' Yes No -~

e

o9

84 16
1

Figure 9, Trained technician/foreman responsible for
- system check and start-up,

9, What are the estimated maintenance - repair man-hours/year? _
31% responded, as shown in Figure 10. Over 2/3 of the responsc
listed the only maintenance as less than 2 man-hours, usually
in conyersion from surmer/winter cycles or in pump repair.
0-2 34 5-0 7-8 9-10 11-12 13-14 15-16 17-18 19-20
07 ) 1 ) 11 5 11 ‘ ‘ . . ) 11

Figure 10. Man-hours per year for miintenance,

“165- <20
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B, TRUINING PROGRG!

1. Do vou have distributors and dealers?

03.1% responded, as shown in’Figure 11. Self-explanatory.
g Yes No J--
T t Lga K
R ' 7 ’ (

Figure 11. Manufacturers with distributors/dealérs. :

H 1

'2. What are their capabilities when finished? ~

72.4% responded, as shown in'Figure 12. Most of those trained
can install'systems only. The minority can both install and

do some limited design, i.e., fill out specification sheets.

Install. Install & Design

$ 55 45

| Y

Figure 12. Capabilities of trained distributors/dealers.

(92 ]

How long arc the distributors (dealer) trained?

62.1% responded, as shown in Figure 13. The vast majority of the
L

training programs ar¢ 1 week or less. DMost of the training pro-

grams arc 2 days or less. Personncl trained less than two days

were qualificd to install systems only.

221

-166~
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1 23
v [z 30 v 6 8,00 0,

Figure 13,_ Length of d;;tributor/dealer training~period.{

"

A

4. Who are vour distributors/dealers?

65,55 responded, as shown in Figure 14, The majority of the
distributors are plumbers and HVAC personnel.

Hvac ‘Plumbers Solar Mech. Cont. Distributors

P 1

% 47 68 20 - 5 8
‘1 1 |

i

Figure 14. Background.for.diétriﬁutor/dealersf

v

5. Do vou supply design data to_the dealers?

51.7% responded, as shown’'in Figure 15. Sel £ -explanatory.

Yes No

- % 73 27 -

Figure 15. Manufacturer s supplying design data to dealers.




o . 6. Would a trained solar worker from a »oc.atlonal school be a
. valuable m'm to vour comany? _
Vo
, 55.2% rcspox\d;d umm.mou:,].) » a8 shown’ in n Figure 6.
: . ‘Yes ~ No ‘
% TR B T R
Figure 16. Mapufacturers desiring a trained solar worker. -
" . For installation?
44.9% response. (manimously yes
. . “
For troubl_e-shootmq? »
-42,.8% response. 54% yes: 46% no. The -fraction which re-
sponded negatix‘relir felt a trouble-shooter ‘should have ex-
perience in solar water and space heating as well as vo-
cational traifxing.‘_
P
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CONTRACTOR SURVEY FORM -~ = CL

.e_ 1 v . RN
' This appendix contains a sample of the form that was gent to - . L
contractors,soliciting Lesponse to questions concerning their .experience = - - - :
with solar systems. ‘ - y ‘ |
Y t N ¢ ‘ e
N f v -.:
. ' . . Tk
4 N . “ w
- ‘s ' )
- ~
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" Dear Sir: - , T e T o -,

-
. oo,

L NAVARRO COLLEGE. ~ 7
T Highway 31 West '
Corsicana, Toxas. 75110

S - - v.-. ¢ "+ Phone214-874.6501

Navarro College has a grant from the U.S. Energy Research \-
and Development Administration (ERDA) to "Assess the Need for '
Developing "and Implementing Technical and Skilled Worker Training
for the Solar Energy Industry". As part of this study we need to-
fqrecast the manpower requiremeats for solar technicians. )

. :n _ .

You have been identified as one who has experience in designing
and/or 1ns:alling solar systems. We are relying on your experience
<and asking for your time in completing the attached brief question-
naire to estimate manpower requirements for the design, installation,
maintenance, and repair of solar systems. o

~

1

You are one of few who is qualified to provide the necessary
information. You,'by your .experience with solar equipment, can affect
the future progress of solar energy utilization in our country. ‘Please
help us in our efforts to provide quality training in this new and
exciting field.

Thank you. _ " -
Sincerely,

1.0 Fsan

\ Harold J. Gibson '
» OccupatibnalJAnaLyst

HIG:sg
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e INFORMATION

1.

you have installed.

1.

INSTALLATION COMPLETED

SECTOR

" DATE.

.a.\

Residential
Commercial K
Industrial

AQricui?ural

COLLECTOR

Flat Plate

¢ * .

Concentrating (Tracking)

Concentrating (Stationary)

-171-

2,

NAME y . TITLE ]
. » COMPANY - - ! .
ADDRESS L S - |
- (Stqee;) N \\ 7
(City) | L (State) (2ip)
DATE PHONE ( )
— . “
- [ .
Kl
' Under each category, please check the item(s) which best reflects the system

INSTALLATION )

Retro-fii

New Construction

APPLICATION

___JDomestie Hot Water
__Space lleating

___ Space Cooling
___Process Heat

Other




III.

IVi

Y ‘Approximate area of buiiaing;_j

. - - L - . . 4
. 3 . ° .-, 1 .
. . . s . . L . *
. . '
. ) * , " . .
I . .
. : . .-

, 2 T
Plsase answer all questions below for the system you have installed.

1, Collector manufacturer
2. - Number of collec.ors :
3. Totglﬁbéllector area |, .

FOR DESIGN OF SYSTEM: -

‘3. 'tha}'maq-hours required B .

»

FOR INSTALLATION OF SYSTEM:

RE Total man-hours required_,

6.. Total number of workers involved in installation N

\ B

FOR ROUTINE MAINTENANCE OF SYSTEM:

8.  Total man-hours required per year

FOR REPAIR OF SYSTEM:

9. Total man-hours required par year

A

How many solar installations have you completed Pl

v

——

S

How many perscns in your firm are performing sclar related work?

Would you hire a solar designer or installer if such a trained technician

were available? If no, explain.

COMMENTS: (Use Back)

- -172‘ 2")!-4
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S .- "' APPENDIX K
- TASK. INVENTORY FORM

. “ '.
H ¢

-

This sectibn‘onta_:_lns a sample of the form that was sent to
éontrac:ors soliciting response'to questions regarding tasks to be

performed by solar workers. ‘This form was later used by the Task

-t
Analysis Cons_ul_tants in completing the task inventory.

IR TG, - . . ~t
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s

( 1
. For p;:;:§ea of this report, the type of tradesman for each task was indicated . .

+ .

by our panel of experts. This denotation was made as to the type of tradesman
who traditionally or normally wouldfperfqrm~thai'task. The symbols are as

: S . ¢ . ’
follows: ‘ . _ T : : , .

. -
C - Carpenter
+ E - Electrician : _‘ | e
H - HVAC man
P - Plumber

3
S - Solar person . R

ot SM -~ Sheet. metal man

X - Other (Homeowner, General ‘Laborer, and Commercial Ihsu{p;or)

.
b ¢
-

[
L3 <, o

For simplicity, ‘the times given on this Task Inventory are in minutes rather

than in hours and minutes as spécified in the instructions.

© . ‘.
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**"Navarro College . .. “TASK INVENTORY * , Curriculum Development
. “Solag’Enexgy Division - o ' and Manpower Forecast
o ) ;
i w g
1 5 _ @ ey
o . N Y M < 80 i
: g5l 3y 23
‘ DESIGI! STAGE ) E.g"w cHg 24
".f‘ . i . ' . - - (Y] g g.s ?g .
' . 355 i - A
A. _Calculate Hot Water Load ‘ - ; :
. 1. Determine .monr.hlz average ground water temperature 1l=-85 i 1
W T . * ‘ 2 ) . . ) 8 ) ’
2, Determine design hot water temperature . . ] -~ S 1 1
N ’ ) . R A . o . m 1
. - ' . ) Q @ -
-3, Determine hot water requirement for persons - 1 -8 ° g 1
— : = : - : - — =
4.  Determine hot water requirement for applicances 1 -.§ 1
> . M - - .' ) ) . n -
5. Determine BTU requirement of monthly hot water load l1 -8 - ) S
"\ . - . ‘. . v N .~
~ . '
A
B. Calculate Space Heating Load S _ ) é
) Determine inside and outside design temperatures and :
1. design wind speed . ’ _ 1-H 1 0 L
b B ' , S S 1T ¢
2, Determine U-values for structure components v 1 -H 1 60 2
3. Determitge areas of structure components : : l -H 60 i
. : . -, - T e ! ) I & v .
' 4., Determine infiltration of structure . ' 1l -H 15 2
' . . ] - ' 7 * ‘
5. Calculate total heat loss under design conditions im BTU/hr 1l -'H 15 1 ...t
. Divide design heat loss by désign temperature differential '
6. and multiply by 24 to obtain heat loss in BTU/ DD 1 ~-H 10 ° 1
7. Determine mon(l'\ly hea't:ing degree days - 1 ~-H 0 1
Determine degree day correction factor for outside design | . . '
8. temperature 1-H 60 2
9, Calculate monthly BTU requirement for space heating load l1-H 3 1
e -
) .
-—— ! '
Y% - T% B
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" TASK INVENTORY

r'd

Curriculum Development
and Manpower Forecast

:”,’f‘jtx
T 0 o
o §-u § 1) &
o ‘ s LTI 7] 8 %Dl';
_ .DESIGN STAGE mgsl .38 B
. ; : ;h BEg| g%
/ o 2 & neel 3Aa
C. Calculate Space Cooling Load _
Determine inside and outside desigu temperatures, ,
1. latitude, .and daily temperature range 1 -H .0 1
2. Determine equivalent temperature differences 1 -u| 15 1
. ‘3. Determine Y-Values for structure compcnents 1-H| 60 2
£ 4. Determine areas of structurc components 1-H| 60 1
5. Determine window shading ) l1-H| 60 2
6. Determine transmittance of windows 1 -H 0 1
. 7. Calculate heat gain through windows . 1-H| 30 2
8. Calculate internal heat gains l1-H| 20 1
9. Calculate total heat gains under design conditioms 1-H{| 15 1
" Divide design heat gain by design temperature differential
10, and multiply by 24 to. obtain heat loss in BTU/DD I'-H}{ 10 1
. 11. Determine monthly cooling degree days B l1-H 15 1
12. Calculate monthly BTU requirement for space cooling load | 1 - H 5 1-
o
D. Choose Collector Type
P
.1l. Determine average~opera;ing collector fiuid temperature 1 - S 60 2
2. Determine design ambient temperature and insolation 1 -8 10 1
Determine flat-plate and concenirating collector effi-
3. ciencies for design condi;ions ) l1 -8 5 1
4. Determine cost per square foot cf collector types 1 - S {120 3
5. Calculate $/BTU 1 -5 5 1
6. Choose collector type with lowest energy cost 1 -8 15 1
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jgﬂaﬁnrro COIIece:
;;#Solgr Encrgy Division

SN

' TASK INVENTORY

? [

* Curriculum Development
and Manpower TForecast

nw g
g 8 »
& g o B
oo 0 o c o
DESIGN STAGE & HA el 94
sop| 834 &S
- Sed| G2 38
" E. Calculate solar gain on unit area basis
1. Determine collector tilt for application 1 -—-s|_10 2
Determine for each month average hourly insolation for : o
2. tilt and latitude 1 -8]120 3
Determine for each month average ambient daylight .
3. temperature 1 -S8] 60 1
Determine monthly collector efficiency from ,
4. collector performance curve. 1 -S| 120 3
Determine monthly .clear day collector heat gain in
5. BTU/Ft.2-hr. 1-s| 10 2
- Determine for each month average daily daylight
6. collection hours - . l1-8 0 1
7. Determine haze factor for locality 1 -8 0 1
8. Determine average monthly percent of sunshine l1-58 ) 1
9. Calculate unit month~ _solar gain in BTU/Ft.2 1-8 10 1
F. Determine maximum available collector area
1. Determine roof space dimensions l1-38 30 1
2. Determine ground space dimensions l1-8 30 1
3. Eliminate shaded spaces 1-5 20 2
4. Determine collector physical dimensions l1-5 5 1
5. Allow for proper spacing of collectors on flat roof 1 ~-s! 20 1
6. Allow for proper collector tilt and azimuth 1 -85 10 2
7. Calculate maximum collector area in square feet 1 -5 10 1

- ~178- 232,'
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o “Navarxo 0011330 _ TASK INVENTORY : "~ Curriculum Development

- Solar Enersy Pivision and Manpower Forecast
g 8 .
TR o B| oo
oo TR g 3
DESIGN STAGE o) h e Hel HyY
‘ .33 g28| £
S8k £85 3
F_ G. Determine optimm rnoilector area
s Multiply given collector area by monthly unit solar gain
1. to obtain monthly solar gain in BTU 1-s!1 10. 1
— . Obtain monthly useful solar gain by taking the lesser of -
2. the monthly solar gain and the monthly total load. l1-8 5 1
" Obtain the typical annual useful solar gain in ¥ BTU by
3. summing the monthly totals and dividing by 106 l1-5§ 5 1
4. Determine the auxiliary fuel efficiency (decimal) ‘ 1 -8 0 1
Obtain auxiliary fuel saved by dividing the annual useful
S. solar gain by the auxiliary fuel efficiemcy - 1-5§ 5 1
6. Determine cost of solar system l1-8 90 2
7. Determine the mortgage interest rate and term 1'- 8 5 1
8. Determine cost and inflation rate of auxiliary fuel l1-5§ 5 3
-9: Calculate life éycle value of solar system ' 1-S8 30 3
Iterate above steps with different collector areas to ' ’
10. obtain maximum life cycle value . 1 -8 180 3
(1f you are using another method, please describe)
H. Desipn fluid flow system
| 1. Determine proper storage size and location
2. Integrate solar and conventional systems 1 -8 120 3
3. Design system controls and operation modes ' 1 -5 60 3
Size individual system components in accordance. with
4, collector size and load requirements 1-S8 180 3
5. Prepare working drasings 1-358 120 3
6. Prepare materials and equipment specifications lﬁ- S 120 3-
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Jf“ﬁ  Navarro College
Solar Energy

Curriculum Development

TASK. INVENTORY and Manpower Forecast

By

i @ gl .
g o B
° g'ﬂg 'U’U? &0 vi
INSTALLATION hoy o9l 818
“do ¢2F Ed
s §B B85 34
2 o RS aa
I. Construct Storage System
1. Prepare foundation 2 =X 1 240 2
2. Insulate foundation (Deleted by Experts)
3. Install or construct storage container shell 2-P 120 1
*4, 1Install internal container components 2-p | 180 2
;5. Install temperature sensors 1 -8 60 2
* 6. Make connections to system 2 -7 60 2
7. Insulate storage container 2 - X 1| 180 2
*For Air System:
X 1.4, 2 - SM| 180 2
I.6. 2 - SM| 120 2
J. Install collector |
1. Prepare collector mounting foundation 2 - C 20 1
2, Construct collector mountings 2-C 30 1
3. Mount each collector 2 -5 15 1
4. Install each temperature sensor l1-H 5 1
Connact dampers, valves, safety devices as ‘
*5, required by system design 1 -P | 120 2
*6., Connect manifolds and collector pipelines 2 - P 30 2
*For Alr System:
J.6, ' 2 - sM| 90 2

_180- <34



:i-;%ﬁiﬁaito'éollege | ' . Curriculum Development
- “Solar Energy Divisiom . TASK INVENTORY and Manpower Forecast
g 8 >
0 ”~~ (=)
oYM ™ n|  eo—
INSTALLATION O Ho B3l &8
B - 3 o
ER 434 iR
) $3h CI8 33
K. Complete System Hookup
Mount major solar system components: heat exchangers, air
% 1, handlers, pumps, blowers, domestic hot vater tanks, etc, 2 - P | 600 3
Connect all solar components with pipelines :
* 2, as required by system design - 1 2-p1 480 1

e L

-

3. Install conventior..i equipment (Charged to Conventio i)

4, Make connections between solar energy components (Deleted by Expprts)
5. Install space heating and cooling ducting (Charged to Cbnventiohal)

6. Install system controls and make connections to sensors! 1 - E 240 3
7. Flush, fill, and purge (1iquid system) . l1-P 240 2
8. Make electrical connections ) 1l -E 240 3

*kor Air System: '

'.7 : Kulu 2 - S 720 3

K.2. '

2 = SMl 720 1
L. System checkout \
. | \

l.  Legk test all pipelipes ' i-P | 120 2
2, Check out the sys we m 8 1 -8 1 240 3
* 3, Insulate pipelines as necessary 2 ~-P 480 2
- Calibrate and test solar temperature :
4, differential controls 1l - S 120 2

5. Test system operation modes (Deleted by Experts)

% 6, Balance flow controls as specified l1-P 60 2
*For Air Svystem
L.1. 1 -sM 120 2
L.3. . 2 - sM 720 -

ERIC | Cas- R3Y



f"“*ﬁ;Qaééo’bﬁxiegé”“ "vﬂﬁff I - | o Curriculum Development
Solar Energy Division TASK INVENTORY : .and Manpower Forecast

; & S
. g o § w7 wd
MAINTENANCE (ROUTINE) Hoo ool &3
~ “dul giE| &
' o o U
Sif 284 i
M. Maintenance
Periodic lubrication of moving parts
1. (punps, blowers, etc) l - X 20 1
2. Filter change 1-x |120 1
3. Clean collector glazing (Deleted by_Experts)
4. Descale heat exchangers (water side) | l1-P 48 2
Flush open liquid collector loops and refill '
S. with clean solution 2 -P [240 1
Check drain down tank for unwanted fill (liquid
6. drain down systems) (Deleted by Experts)
Check antifreeze solution streagth and PH in
7. liquid closed loop systems . 1 - X 30 1
8. Check AP (water) thru collector loop (Deleted by Experts)
: Replace sacrificial corrosion elements and other
. 9. systems components which are periodically consumed j1e P | 15 1
10. Check tracking orientation of concentrating collectors 1 -8 [240 3
11. Check liquid levels in expansion and storage .anks 1 -X 15 1
12. Check normal positions of motorized valves and dampers l1 -5 60 2
Monitor flowrates and temperature differentials to. ’
13, test system operation l -8 60 2
%14, Check for degradation of pipeline insulation l1-P 60 1
15. Check seals on_pumps. l1-P 5 !
*For Air Systems
M.14. ' 1 - SM| 60 1

ERIC ’ e *36
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\
Please state in one or two paragraphs a job description of what you

N

as an employer of a solag technicidn would 1like in an employee.
Some questions to answer might be as follows:

; What skills do you require?

What is the highest level of skill you desire?
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* This appendif.contains the completed task analysis produced during
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2 - - DESIGN STAGE

A. .CALCULATENOT .WATER LOAD

‘ .
g 1. Determine monthly average ground water temperatyre. -

a. Obtain ASHRAE Handbook or other reference, or conta;S watery
utility for temperature data. Record. : s
2, Determine design hot water temperature.
Sy o
a. Determine from'building plqns what types of appliances (e.g.
dishwasher, clothes washer) are in Qse, and what water
temperatures they require. (Consult local ;ode books.)
3. Determine hot water requirement for persons. . ‘ '
a, Using Uniform Solar Energy Code nomography or other-reference,
apsly the hﬁﬂkﬁfmof persons using hot wateF,to_the graph
and finq total hot water consumed, or multiply number of
c persons by 20 gallons per day. " ’ |
4. Determine hot water requirement for appliances.
“~a., Repeat above procedure'for applianceé using’ nomograph, or contact
man;facturer or distributor of appliance for hot water demand.’
5. Determine BTU requirement of monthly hot water load.
a. Read BTU requiremenﬁ from nomogyaph, or multiply gallons used
.pef,day by the design temperature minus the supply water

temperaturce and by 8.3 lbs. per gallon.

TOOLS AND EQUIPMENT

(A) Uniform Solar Enecrgy Code or other reference
(B) Table of monthly avcrage supply water temperatures
}

(if available)

(c) Building plans




MATERIALS- AND COMPONENTS
None |

REQUIRED KNOWLLEDGE

°

Yoo Sciehce.
| (1) Famillarity with energy units.,

(2) Ability to calculate temperature of a mass given

the thermal energy added to the mass.

(3) Knowledge of specific heats, density of water.
(B) Mathenagics.. |

(1) Algebra. -

(2) Graph reading.

PiRFORMANCE ORJECTIVE -

’ Given a hot water demand situation in the form of building
plans or cxisting building with hot water needs, the student
will obtatin all information necessary and perform all calculations

to determine the daily hot water heating load in BTU per day,

for any locality.

A -187- 24 i
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Ry VgALCULATE SPACE HEATING T.OAD

1} Determine inside and outside design temperatures and design wind

specd.

»

a. Look up design temperatures in ASHRAE Guide or other reference,

record,

.~

2. Determine U-values for structure components.

a. Determine ceiling, wal¥, floor, window, and door comstruction
from plans or building.

b. Tind U-values for building materials used from ASHRAE Guide

4

or other refereuce. If conductances are listed, multiply

1

conduétance per inch by thickness of material in inches to
v ~get U-value. Determine U-values of air films fér still aif_' ¢
and 15 MPH wind speed. Add reciprocals of U-values for each
component and find reciprocal of total. ' :
‘ 3. Determine-areas of étructure components.
a. Measure dimensipns of outside walls; ceilings;_floors, wihdoys,
and walls using architectural scale of blag! or measure

A &
existing building to obtain this information, and record.

Measure only the surfaces which represent the shell of the 4
bullding. ‘ |
5. ‘Multiply length and width to obtain area.
| c. Subtract window and door areas from gross wall areas to obtain
net Qall area.
d. Sum areas of all cdmponcnté which have equivalent U-values. .
. : NS
) 4., Determine infiltration of structure. }

s -
a. Multiply floor area obtained above by ceiling ha&ght to obtain

volume of insulated space. Do for each room. \
N
N




7.

L. Multiply the area times the U-value for each building component

i

b. -Refer tthSKRKE Cuide and multiply volumes above by appropriate

‘ .
factors depending on the number of walls with windows/doors *-

exposed to the outside. (Alternately, calculate infiltration ; *

ar

using ASHRAE "Crack" method.) Do for each }oom. v

~ Calculate total heat loss under design conditions in BTU/hr.

a. Subtract outdoor design temperature from indoor design .

temperature 70°F found in step one.

.

hd .

by the design temperature differential found in step (a), ,_4~fw¥

'
*

, and rgcord in tabulur form. "Sum these values to obtain the

. condﬁction'heat-loss. Fo? infiltration, multiply the .
infiltration rate values from 4.b. by .018 and bte the design
temperature diffgrentigl and add them to the cond;ction heat
ioss to obtain the design heat loég.

Divide design heat loss bywdesign temperatﬁre differential and
ﬁultiply'by 24 to obtain heat loss in BTU/DD.

Determine monthly hcatifdlg degree days.

a. Find the heating degree-days for the locality under consideration

in the ASHRAE Guide'or frow the National Climatic Center, for

i

each month. Record,
Determine degree day correction factor for outside design temperature.
a. Refer to the ASHRAE Guide. , }

Calculate monthly. BTU requirement for space heating load.

a. Multiply the heat loss in BIU per degree-day by the number

L.
of degrece-days in .each month. Record the monthly heating 1bad

in BTU x 100 or therms (BTU.x 10°).



7 L e T aTAE RS

TOOLS AND EQUIPMENT

(A) . ASHRAE HNandbooks, Fuﬁdamentals and Systeuws, or other

i -~

‘ v reference. R : ’
(B) Tape measuré and/or architéctural scale,
S\\\ ' . (C) Buildiag plaus or building
o (D) Enginecring note pad . _A o -

(E) Calculator

MATERIALS AND COMPONENTS

None

REQUIRED KNOWLEDGE

(A) Science

(1) Knowledge<of energy fnits"
(2) Simple physlcs of heat transfer (éqnduction; conveciion,
‘radiation).
(B) Mathematics . : _ Ex ¢
(1) Ability to cbnvert#units .
(2) Algebra. - I )
(3) Trigonometry.

PERFORMANCE OBJECTIVE

Given a bgilding_construéted of a vaviety of materigls} the
student will detgrmine what references and information are
required, will obtain them, and will calculate the design ~
heat lecss monthly heating loaa of‘thc structure for any

locale,

‘ -190- 214 - ‘
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C.  CALCULATE SPACE COOLING LOAD

v -

RO 1. Determine inside and outside design temperatures, latitude, and
‘- daily temperature range.
a. ﬁsing_én appropriate c¢limatic ré}erencel(ASHRAE Handbook .
. 'of Fundamentals or equivalént) consult table to obtain 97%%
‘ . outdoor summér'design wet bulb and drybulﬁ temperaturcs, and

-daily‘teﬁperature rangé for tRe particular location.
b. 4ssume an indoor sumner degign dry bullb temperature of-76°F
N . and wetlgulb temperéture of 620F 1f indoor relative humidity
_is to be maintained at 50%. For other desired humidity levels,
determine indoor wet bulb temperature from psychometic charts
. . - corresponding to desired humidity.level“and interior dry
bulb temperature.

c. From a map or other geographic reference obtain the latitude

of the location.

2. Determinc equivalent temperature differences.

a. Using ASIIRAR Handbo?k of Fundamentals, determinerequivalent
temperatqre for each structural component with respect to
surface orientatioﬂ, outdoor design temperatur; (db) and
daily temperature range. |
3. Determine U-values for structural components.
a. Method 1 - If U-values for winter conditions have been previously
calculated, adfust those values for changes in wind velocity

and dircction of heat transmission according to charts and

tables in ASLRAE Handbook of fundamentals and other comparable

refercnces.




N~
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a.,

Method 2 - If U-values for winter conditions have not been
calculated, determine thicknesses and compositions of each
portion of ths structﬁre (valls, roof, etc.). Then consult

an appropriate reference to determine resistance valucs,
conductance vaiues, or conductivity values of each structure.
Perform the mathematics to convert these values to "resistances”
as required. Add the resistances of each component of the
structure, making adjustments for framing per Handbook of

Fundamentals as iequlred add the interior and exterior air

res.stance values corresponding to the direction of heat
transmission, (horizontal, vertical; up or down, etc.,) and
-

wind velocity. Take the reciprocal of the s@m of the resistances

to obtajin the U-value for the structure.

4, Deteruine areas of structure components.

Procedure is identical to that specified in section B.3.a.

for space heating load.

-~



5. Determine window shading.
a. Horizontal overhangs . .

(1) Make a table of window orientations (cardinal pts.)

+*

N [NE] E[ SE] 8 [Sw [W ][ Nu .
5 a (1)
SHARE LINE FACTCR | 5a (2)
" wr.mLow AREAS = !SHAL'ED 5a (5)
U SHALRED 5a (6)
. S.Ji{G.T

(2) Consult Handbock of Funcamentals and determine. shade line

factors for each orieatation and enter into the table
the corresponding oriéntation.

(3) Determine the length of the overhang from building plans
for each'orientation.

(4) Multip. . esult in 5 a (3) by shade line factor for each
appropriate orientation to give the position of the.time-

averaged shade line.

ovcrhang‘ /

shade line




NOTE:

(5)

(6)

(7

Determine the area for cach window and orientation
that is below the ;hadc line and the area that is above
the shade line. Add the results for each window of
the samé orientation to give a total window-area tnat is
shaded and a total window area that is unshaded. Enter

the results into the: table.

From Handbook of Fundamentals determine a solar heat gain
factor for each window orientation according to type of
windcg cunsgruction and interiolr shading devices (drapes,
venetial blinds, etc.).

Calculate solar heat gain by multiplying solar heat gain
factor for each window orientation by the unshaded
window area for the corresponding orientatlon. Add to
that the solar heat guln thrcugh the shaded #:eas which
is calculated by multiplying the solar heat gain factor

for North orientation by the sum of the shaded window

areas for all orientations.

Tasks 5.a (1) through (7) reprecsent the accepted ASHRAE procedure

for solar heat gain through fenestrations for residential structures.

Calculate inteinal heat gains.

a. Sensible heat gains.

(1)

(2)

Gain due to occupants multiply # of occupants by 250 to

give sensible load in BTU/hr. for occupancy.

Gain due to appliances. Determine from building plans the
types of appliances that will contribute to the internal
heat gain of the structure (kitchen appliances epsecially).’

Consult ﬁgggpook g£ Fundamentals on other source to

determine the heat gain for each appliance.

19421 5



9.

10.

11.

(3) Determine ventilation requirements and/or infiltration.
(u)‘ In most cases infiltrétiou 1; adequate f;r
ventilation requirements.. Assume % change in _é
volume of air per hour. Calculate total volume
of structure. Determine sensible gain by
‘multiplying infiltration rate (above) by .018
X QATdb) to get infiltraﬁion gain in BTU/hr.

‘ (b) If infiltration is not sufficient for veatilation

needs (rgfer to Handbook of Fundamentals of other 5
reference to make this determination within the .
constraints of the particular problém), determine
ventilation rate in CIM. Sensible gain in
BTU/hz..= (1.1), (CIM) % Aty

b. Latent heat gains. TFor residential method, calculate total

latent gain from total sensible gain for .the structure (step 9).
Calculate total heat gains under design cqnditioﬁs.
a. Sum individual sensible gains for each structure. Multiply

sum by .3 to give latent gain for residential structures.

(Check ASHRAE Handhook of Fundamentals to determine whether
this method of calculating latent gain appliés. If not,
calculate latent gains independently. |

b. Total heat gain is sum of latent and sensible gains.

Multiply total hﬁat gain BTU/hr. by Aty design and 24 to obtain

gain in BTU/DD.

Calculate monthly cooling degree days.

a. Using publication 81 of N.0.A.A. (Nat. Cceanic and Atmospheric

Administration) MONTHLY NORMALS OF TEMPERATURE, PRECTPATION

_195- @4



(3) Detefmine ventilation requirements and/or infiltration.
(a); In most cases infiltration is ‘adequate for

EAE ' ' ventilation requiremeﬁts. Assume Y% change in
voluae of air per.hour. Caléulate total volume
of structure. Determine sensible gain by
m&ltiﬁiyiug infiltration rate (abovej by .018
X CATdb) to.get infiltration gain in BTU/hr.

(b) If fufiltration is not sufficient for ventilation

needs (refer to llandbook of Fundamentals of other

reference to make this determination within the

constraints of the particular problem), determine
" ventilatlion rate in CFM. Sensible gain in ‘
BTIj/hr. = (1.1) (M) x &ty
S. Latent heat gains. TFor residential method, calculate total
latent.gain from total sensible gain for the structure (step 9).J
9. Calculate total heat“gains under design conditions.
a, Sum iﬁdividualfsensible gains for each structuré. ﬁultiply

sum by .3 to-give latent gain for residential structures.

(Check ASIRAE Handbook of Fundamentals to determine whether

'this method of Calculating'iatent gain applies. If not,
calculate latent gaiﬁs independently.
b. Total heat gain is sum of latent and sensible gains.,
10. Multiply total heat gain BTU/hr. by At design and 24 to obtain
gain in BTU/DD.
11. Calculate mouthiy copling degrece days.

a. Using publication 81 of N.0.A.A. (Nat. Oceanic and Atmospheric

Administration) MONTHLY NORMALS OF TEMPERATURE, PRECIPATION
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AND HEATING AND COOLING DEGREE DAYS, determine monthly cooling

deg:ee days for the particular location.
* 12, Calculqte monthly BTU requiwemcnt for space‘coofing load by
multiplying results of C.10, f\g: (BTU/DD), by monthly cooling

degree days to give monthly spaéé cooling load.

a, Determining size of components; From total cooling load, total
éensible load. angd total latent load at interior and exterior
design conditlons (w.b. & d.b. temperatures) consult munufaczturers
data on cooling units to determine required capacity of unit

TOOLS AND EQUIPHENT

(A) Calculator with scientific functions.
(B) Refercnce materials: HVAC manual Qr ASHRAE publicaticus;

Architectural Graphics Standards or equivalent to

interpret architectural drawings; degrea-day data aud

temperature data - publications available from N.0.A.A. ct.al.
(C) Architects Rule. |
(D) Data Pads.

REQUIRED KNOWLEDGE

(A) Science
(1) Fluid mechanics

(2) Thermodynamics

P

(3) Library researcn skills
(B) Mathematics
- ‘ (1) Algebra
(2) Trigononetry

(3) Calculator skills

25}
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PERFORMANCE OBJECTIVE

Giﬁcn a set of architectural drawings (floor plans, elevations,

- WA

gtructural and mechanical details), for a residence which

shows site orientation, necessary reference materials including

ASHRAE Handbook of Fundamentals, summer design temperature

and cooling degree data, architects rule and scientific
calculator, the student will perfform all the netessary
measuremeurs and calculations to determine ghe sensible and

L]

latent cooling load of the building. : : .

. L]

T,
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D. CHOOSE COLLECTOR 'IYPE

1.  Determine average operating collector fluid temperature.

a.

b.

C.

Obtain manufacturers speclfications on collector performance,

From collector manufacturers' specs obtajin average operating
: t . A

collector fluid temperature that corresponds to design demands

for temperature out of collector.

Enter this temperature on worksheet,

2. Determine design ambient tempe%pture and insolation.

de.

b.

Ce

Obtaiu ASHRAL Handbook of Fundamentals oxr other source of

meteorological and insolation data.
Look up for design month the ambient temperature and insolation

values,

Enter values on worksheet,

3. Determine flat-plate and coancentrating collector efficiencies for

design conditions. '

Obtain manufacturer's specifications for collector performance
Read design conditions from worksheet.

Enter performance graph on bottom axis at pcint defined by

Tin - Tambient v

Tusolation

and go up to curve then horizontally to vertical axis and read
collector efficiency.

Enter results on worksheet.

255,
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Determine cost per square foot of collector types.

a.

b.

o

C.

d.

a.

d.

Obtain collector cost from manufacturers or sales outlet.
Obtain effective solar absorber area from manufacturers
literature.

Divide cost of total collector by efféctive solar absorber area
to get $/ft? collector.

Enter results in worksheet.

Calculate $/BTU.

From D.3 above enter éollector efficiency and design insolation
in equation below

é___ = Cost/Effective Area
. BIU Insolation x Efficiency

From D.4 above enter collector cost pe:r square foot of absorber
area in equation abovc.

Solve equation for __ §
BTU

Entey results in worksheet. .

Choose collector type with lowest energy cost.

a.

From list of $/BIU in D.5 above choose collector with lowest

$/BTU value.

TOOLS AND EQUIDPMENT

(A) Manufacturers performance specifications (graph)
(B) Pen or pencils
(C) Paper (worksheet)

(D) ASHRAE Handbook or other source of local meteorological

and insolation data.

254
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(E) Pocket calculator. ‘ |

~ (F) Manufacturers price shecets.

MATERIALS AND COMPONENTS .

None

REQUIRED KNOWLEDGE |

AP 4
1

. (A) Science - ' f-

(L
(%)
(3)
(4)

Basic heat transfer theory

Tempevature effect on properties of materials

Basic Sun-earth ;elationship (astronomy). ;-
Meaning of temperature, effective area, effigiency,

lation o
inso tion.

(B) Mathematics

(1)
(2)
(3
(4)
(5)

Arithmetic. ‘
Algebra. . : —
Graph reading.

Data chart reading. Lw\\

Concepts of area, price, lower versus higher value.

PLRFORIMANCE OBJECTIVE

Given manufactuvers' specifications and local climatological -

data, the student will make the proper calculations and choose

the type of collector best suited to the needs of the dpplication.

.

255
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E.  CALCULATE SOLAR.GATN ON UNIT ARFA BASIS

1. Determine collector tilt for application.

(3

. ~a. Tind local latitude from maps or atlas.

b.

a.

Obtain ASHRAE insolation tables.
b. Obtain local latitude and tilt from E.l. above.
‘. c. Enter ASHRAE tables for local latitude or closest latitude

d. Read across to tilt closest to that determined ipn E.l. above.

L. e,

®

3. Determine sor each month average ambient daylight temperature.

a.

Determine solar application fnoq'ilient or blueprints and
specifications as to whether it is space héating only, watex

heating only, or both space heating plus water heating. -

15 degrees will be appropriatento'make use of the winter

sun's position in the sky.

If water heatiﬁg only, a thumb rule for collector tilt
equal to the latitude will allow year round use of collector.
If combination qf space heating and water heating is required,

then the tilt is the ‘same as that of space heating only.

) .

Enter results in worksheét .

for which there is a table in the month of -January.
Enter in worksheet the hourly values for insolation.
Obtain ASHRAE Handbook or other source of temperature data.

daylight temperature.

9

-

latitude.

\

25¢
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* If space bcating only, a thumb rule for collector tilt plus

\

2. Determine for each month average hourly insolation for tilt and

b. Enter table for gcographic location and list éverage daily



et .

4.

)
5.
i
6.
- 7.

_c. Enter manufacturer's efficiency ¢

~d. TFollcw above procedure fox each month of the year.

Determing monthly collector efficiency from collector performance
curve. .
a. ©Obtain manufacturers efficiency curves..

b.. Using the following equation

: Tin 7 Tambient |

P, . Idesign
determine "x" value using design insolation, collector desigh
inlet tewperavure, and ambient tempzrature.

-5 .
©s on horizontal axis at
v e . .

%", move vertically to curve, then horizontally to vertical

[
k]

axis and read collectdr efficiency.

r

"
.

’ :
Determine monthly clear day collector heat gain fn BTU/Ft.g =hr.

a. Trom E.2, above sum all hourly insolation values greatey than

125 BTU/hr .
fr.2 {

b. Multiply daily clear day insolation (above) Sy collector
I '\‘,,.1.}_
efficiency from E.4. above. o

Determine for each month average daily daylight collection hours.
s

a. Obtain ASHRAE Handbook. - :

b; Enter tables for closest latitudes and read number of daily
daylight hours. ‘

Detcrmine haze factor for locality.

a. Obtrain local.meteorological data from colleges, airports:.

Federal Government, or State Government, etc.

b. Look up haze factor for locality.

25
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Determine average monthly percent of suushine,

&
a, Subtract haze factor % from 100% to obtain % sunshine.

2

Calculate unit monthly solar gain in BIU/Ft.“, using information ,

-

obtained in above steps.
- .

TOOLS AND LQUIPMENT

(A) Maps,-Atlas, etc.

L)
a

(B) Blueprints or specifications

(C) ASHRAL lHandboo': or othar data source
" () Pecket calculator-

(E)' éource of local meteorological data

(F) Pen or penéils

(G) PYaper (worksheet) p
..MATERIALS AND COMPONENTS \
None

REQUIRED KNOWLLEDG

(A) Science i v
(1) Geography )
(2) Sun/earth relations:ips
(2) Astronomy
(4) Meaning of temperature, efficiency, insolatton
(5) Basic heat gransfer theory

(6) Percentages

PERFORMANCE OBJECTIVE

Given the local climatological data and the manufacturer's
specifications, the student will calculate the solar gain

on a unit area basis.

R5g
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F.. DETERMINE MANTMUM AVATLABLE COLLECTOR AREA

1. Determine roof space dimensions.

a. Obtain blueprints or drawings (to scale) of building.

b. Using engineers or architects scale or actual on site
measurement with tape measure, measure all areas of roof that
give good southern exposure.

c. Enter this arca on worksheet.

2. Determine ground space dimensiéns.

a. Obtain tape measure,

b., At the site, measure length and width of ground space
available for storage tank or collector placement.,

¢. Enter srea on worksheet.

3. Determince shaded spaces. .

a. -Obtain sun angle locator box.

b. Positioning yourself so that you are eye level with the bottom
of'the proposed collecto; array, use sun angle locator box,
positioned parallel with long axis of roof, to find time of
year and position of shade devices.

C. 'Mark areas that will be shaded on roof/grovn:’ diagram.

d. Measura these arcas.

4. Determine collector physical dimensions.
a. Look up dimensions on manufacturer's specification sheet.
5. Allow for proper spacing of collectors on flat roof.

a. Obtain ASHRAE Handbook.

»

b, Look up solar altitude at 10:00 a.m. on Decémber Z21.
c. On separate sheet of paper draw to scale, side vicw of collector

array with proper tilt and collector height.

—20
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d. Using protractor, find the point on the north side of collectors
where a line drawn at an angle equal to the altitude would just
touch the upper edge of the collector.

e. Measure the distance from the back of the collector array to
this point with architects or engineers scale,

6. Allow for proper collector tilt and azimuth.
7. Calculate maxzimum possible collector area in square feet.
a. Subtract from gross area those areas that were not usable.

TOOLS AND EQUIPMENT

(A) ASHRAE Handbook.

(B) Protractor.

(C) Scales. /
(D) Tape measure,

(E) Architect's or Engineef's scale,

(F') Sun angle.locator.

’ MATERIALS ARND COMPONENTS

None.

REQUIRED KNOWLEDGE

(A) Science.
(1) Sun/earth relationships.
(2) /stronomy.
(B) Mathematics.
(1) Measuring skills,
- (2) Algebra,
(3) Arithmetic,

(4) Trigonometry.
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PERFORMANCE ORBJECTIVE

Given bluepripts or existing house and plot dimensions, the

student will calculate the usable area for collector placement.




G.

DETERMINE OPTIMUM COLLECTOR ARTA

1.

Multiplyﬁgiven collector érca by monthly unit solar gain to obtain .

monthly solar gain in BTU.

a. Obtain collector area from F,7.above.

b. Obtain monthly unit‘solar gain from E.9.

c. Multiply these. numbers together.

Obtain monthly useful solar gain by taking the lesser of the

monthly solar gain and the monéhly total load.

a. By looking at a column of monthly useful solar gain and a
column of monthly total load enter the lesser of the two numbers
for each month in a third column.

Obtain the typical annual useful solar gain in M BIU by summing the

monthly totals and dividing by 106,

a. Add all tle numbers in the third column in G.2. above.

b. Divide this number by 10° to obtain M BIU.

‘Determine auxiliary fuel efficilency.

a. Obtain written data on fucl efficiency if possible.

Obtain auxiliary fuel efficiency.

a. Multiply value in G.4. above by annual useful solar gain.

Determine cost of solar system.

a, Obtain collector cost information from manufacturers.

b. Multiply collector cost by the number of collectors to get
solar collector costs.

Determine the mortage interest rate and term.

a. Obtain list of mortage rates from local buiiding institution.

b, From this list determine mortgage rate baced on system cost

and liretime.
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8. Determine cost and inflation rate of auxiliary fuel.

a.

b.

d.

Obtain list or table of local utility rates.

From this table determine rate which applies to the specific

application (residential, commercial, etc.)

Obtain from local Public Utilities Commission estimates for fuel
' >

inflation rates.

From this information determine whicﬁ rate applied.

9, Calculate life cycle value of solar system.

a.

Enter data collected above in following formula:

§ = Capital cost of solar system

puatts o f —
Capital cost of solar system| + | present value of ‘fuel | +
including tax incentives or ) cost over lifetime of
other factors as reflected system
' e
in $/BTU -
banas —
o - o
present value of stream of
maintenance costs over life-
time of system
be— d

10. Iterate above steps with different collector areas to obtain

maximum life cycle value.

TOOLS AND EQUIPMENT

(A) Pocket calculator.
(B) Mdrtgage rate table.

(C) Utility rate schedules.
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}’r , MATERTALS AND COMPONENTS

None

REQUIRED KNOWLEDGE . '
(A) Science
" None
(B) Mathematics
(1) .Arithmetic
(2) Albegra
(3) Percentages

(4) Table interpretation

PERFORMANCE OBJECTIVE

Given mortgage rates, fuel rates, and various collector areas,

- the student will determine the optimum collector area for

the application.

Q ‘ "210-
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H.

NDESIGN FLUID TFLOW SYSTIEM

l.

Determine proper storage size and location.

a.

€.

Locate outside tank in area protected from the elements.

Locate inside‘tauk in mech room insulated from conditioned spaée

if used in summer,

Determine application BTU/Hr design load requirqments from A, B, &.'
Cc as applicable.

Determine hours of storage 'requirved for application, typically 24
hours for heating and. hot water and three to four houfs for cooling.
Determine BTU storage requirement by multiplying hours of storage
by BTU/Hr requirement.

Deternmine design maximum storage temperature and minimum

uséful storage temperature.

Divide BTU by the difference between maximum and minimun tempera-
tures and divide the result %y 8.33 to obtain storage size in gal-

lons.

GAL = _BTU
8.33 xA T

Integrate solar and conventional systems.

a.

For air systems,'dctermine proper locetion of solar duct tie-ins.
For liquid systems, determine location of water coil in conventional

ductwork.

Design system controls and operation modes.

da.

Use two stage thermostat to bring on solar first and conventional

equipment second.

_ Use temperature sensors and relays to prevent the circulation of the

solar working fluid to the load when the fluid is not hot ecnough

to help meet the load.
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c¢. Use a differential control and seasors to ensure that the solar
collectors recharge storage and do not degrade it.

d. Use a motorized valve or check valve to ensurc that storage is
not degraded by Ehermal siphoning back{low.

e. Include relicf valves, air vents, vacuum breakers, and tempering
valves as necessary.,

Size individual system components in accordance with collector size

and load requircmeuts.

a. Determiné Crii and GPM for conventioral equipment and.solar colleﬁgors.

b. For liquid systems, choose water coil that meets BTU/hr load

_ requirements at’dcsign minimum useful solar supp1§ water temperature.

c. Tor air systems, choose air to.water exchanger to meet domestic
hot water requirements at collector design CFM and outlet temperatures,

d. Tor liquid systems requiring a water to water heat exchanger
between the collector and storage, determine collector fluid
specific heat, GPM, and outlet temperature; and determine tank
minimum flow over the exchanger surface and design iulet temperature.
Refer to manufacturer for exchanger size.

e. Deslgn duct and pipe sizes for required CFM and GPM not exceeding
friction loss and velecity limits specified in ASIRAE handbool:. ‘

f. Choose the smallest pump and fan models that exceed or equal design
CFM and GPM at required static pressure and head.

Prepare working drawings.

a. Determine schematic representation cf system components: pipelines,
valves, dampers, fauns, pumps, storage, collectors, conventional
equipment, etc.

b. Draw wiring diagrams linking thermostats, relays, temperature

sensors, and mechanical system components,
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c. Use building plans to, determine physical location of components,

)

6. Prepare materials and equipment specifications.
. :

. * a. Determine lengths of various duct and pipe sizes needed.
b. Determine number and sizes of elbows, tees, gate valves, manual ~

dampers, registers, and other small passive fittings for'pipé—

e e MO~

line connections. ‘ ,/
¢. Determine number and sizes of motorized valves and dampers,
pumps, fans, differential controls, thgrmostats, relays,
' ’_ relief valves, vécuum breakers, air vents, expansion and compression
tgnks, aquasta?s, and other small active sysﬁem components.
d. Determinec wiumber and model of collectors, furnaces, air
conditioning units, storage tanks, or other lange system

equipnent.

TOOLS AND EQUIFMENT

(A) ASHRAE Handbook or other HVAC manual

(B) Handbook of Physics and Chemistry or other source of
physical property. .

(C) Calculator

(D) Manufacturers' component .specifications.

(E) Unit Conversioun Tables.

(F) Note pad.

(G) Building plans.

(1) Architects Rule,

(I) Drafting equipment.

MATERTALS AND COMPOLENTS

None

\ :BE;; '
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REQUIRED KNOWLEDGE

(A) ‘Science.
(1) Basic heat transfer theory.
. (a) eaning of temperature,
(b) Specific heat. )
(c) Heat exchanger equations.
(2) Fluid flow theory.
;\ | () Pipe sizing.
(b) ﬁuct sizing.
(3) Understanding of pump and fan characteristics.
(4) Low voltage control theory
. (a) General Princiﬁles;
‘ ‘ . kb) Component character;stics, e.g. thermostats,
\ - , relays, temperature sensors.
(5) Basic Electric Circuit theory.
(B) Mathematics. )
(1) Graph and table reading.
(2) Arithmetic,
(3) Algebra.

(4) Understanding cf units conversion.

PERFORMANCE ORJECTIVE

Given the building plans, thormal loads, and solar collector
si%e, the student will design an energy collection and delivery
system that provides adequate solar storage; efficient heat
transfer, safe opcfation, and adequafe éuxiliary equipment

to meet design lcads.
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I. CONSTRUCT STORAGE SYSTLM.

1. Prepare foundation.
a. Locate sitc for storage container. 1f container is to be above
grade, clecar and level ground. If container is tﬁ be buried, excavate
hole for storage tank, leaving enough room to inspect tank for 1e5ks
and for insulation. l
b. TFor above grade tanks, determine size and method bf‘mouuting of tank and
mark off approximate dimensions, or refer to plans for foundation
dimensions. ‘ p
¢. Excavate footing of foundation (if required by plans or local codes?.
d. Set stakes at corhers of foundation and set uﬁ strings tofhark of
%ﬁﬂfoundatiou, check square of foundation by measuring diagonals
»

Adjust string lines so that the foundation is of the proper dimensions -

\ AN
-

!

and squdred. |

: I
e. Cut form boards to coincide with string line dimensionsiand fixrmly nail
corners. Set stakes around perimeter of forms. Raise form to desired

level at one corner and nail to stake. Nail remainder of stakes to

form, checking with level to insure the entire form is at the same

4\"\_., - I

level as thclfirst corner nailed. Drive stakes at an hngle (sway
brace) and with inside of form lined u% with string, nail stake to
form. Remove string.

f. Lay down wire reinforcing mgsh if required.

g. Pour concrete into form, spreading with flat shovel or concrete rake.
Remove excess concrete by sliding 2 x & "gpd" along tops of forms.

- tamp'concrcfc with tamping device such as "jitterbug', Level and

£111 in holes with float. Set foundation bolts (if required to sccure
wall plates or tank cradle). Allcw concrete to set slightly and
trovel with hand trowel and/or "fresno'. Hand trowel toiachieve

finished surface.
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h. After concrcte_haé‘;et, strip forms andwremove stakes.,
2, Deleted by experts. ,
. 3. Install or constrgct storage contailner éhell.

a. (NOTE: It 1s ;ssumed the technician will not construct the N\
storage contaéncr, but will install a prefabricated system. There
Qre a diversity of ways to construct storage systems for air and
water systemé which.would require extremely lengthy discussions.).
Unload storage container from delivery vehicle. If fork-1lift or
crane is required, 1insure that.the tank or storage device is nq&r
subject to damage at- the lifting points. ’

b. Using manpbwer, fo£klift, or crane, set storage device on fpun@ation
or other.prepared mounting, or in excanted hole. Bolt or éQherwise
secure. ] | . . \ ‘

4, Déleted by experts.
5. Deleted by experts.
~ 6., Make connections to system. . , o
‘ a. ;Insegt.threaded nipples into tank.fit;iﬁgs (1f required, applying' -
pipe joint compound: to male threa&s.. Thread dielectric unions onto
nipples‘(if required) and tighten with pipe wrench. (Disregard if e
air system.) o .
b. Assemble fittings of p;bper size and type required to make connection
between tank and plumbing stub-buts, (or duct. fittings). Cut pipe
;r duct to appropriate lengths., ‘
c. Assecmble fiftings and pipe and doublé-check pipe lengtus. Apply flux
- to cleaned pipe and fittings, re-asscmble, and solder joints.
(Remove rubber or plastic parts of fiftings beforv soldering to

prevent damage.) For air systems, connect duct to collars on storage

tank and tape seams with duct tape.
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7. Inéulatc storage contalner.
a. ﬁrap tank with fibgrglaés, or spray tank with fogmiﬂg equipment,
| or laminate.board insulatiohwto tank with contact cement.
e b.,'If tank is to be exposed t§ moisture or ultraviolet radiation,
wfap fi?erglqss insulation with plastic material and secure
by bandigg or heat sealing, or paint form insulation with
.iatex sealant.

TOOLS AND EQUIPMENT

5 : . (A) Shovel, picK, btackhoe, txencher.
(B) Wooden or metal stakes.
4

(C) fTape measure.

N (D) Nyloen string. : . : : /

P L3

- \ (E)* Circular saw. '

' . SN
() }evel, hammer, nail puller, square.
(G) Wire cutters,

(i) Concrete rake, "jitterbug", 'fresno'.

l (I) Hand float, bull float, hand trowel.

. (J) Wrench set.
(K) Fort'lift, cranc.
(%? Screw d;iver, crescent wrench, pipe wrenchs
(M) Propane torch, striker.,

: (N) Tubing cutter.
(0) Wire strippers. *

B (P) Paint brush,
(Q) Panding tool.
i (R) Foam gun.
(S) Utility knife.
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MATERIALS AND COMPONENTS,

A

{A) 'Stdrage container.
(B) - Nails, bolts, screws.
(C) Wire mesh.
(D) Concrete.
(E) 2 x 4 lumber,
(F) Epoxy or thermal glue.
(G) Clamps. N
éH) Pipe.joint comvound.
(I) Thermostat wire.
(I Wiré nuts.
« (K) Cpnduit{
(L). Pipe and fittings.
(M) Flux, emergy cldﬁh;
(N) Duct tape.
(0)
- (P) Contact cement.

(Q)’ Plastic. film.
() Latex sealant.
(S) Aspirator,

\REQUIRED KNOWLEDGE

=
(A) Science

Noﬁe
(B) Maﬁhematics
'(1) Arithmetic

A
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Inaylating material(foam, board, or batt).
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PERFOPMANCE OD.JLECTIVE

. Given a storage tank, or rock storage bin, or other solar
thermal storage device, the student will make che necessary
prepardtions for the installation of the storage device.

He will also recognize the method of making connections to

the storage device with the help of systeé schematics, "and
will make these connections, including plumbing, ducting; and
control sensors. He will be familiar with the different types
of insulation, and with the proper equlpmert, will apply the

insulation in a professional manner.




J.

INSTALL COLLECTOR

1. Prepare collector mounting foundation.

a.

e.

Mark points on roo. where collector mounts are to be placed.
Clean area of all lonose roofing materials.

Drill holes into roofing joints through roof.

Lay iu flashing material cr roofing mastic/tar or both according
to plans.

Put collector mounting foundation in place and flash around it.

2, Construct collector mountings.

g.

Obtain blueprints or plans of collector mountings.

Obtain material needed per plan (assess here wood mountings).
Attacl. vertical supports to foundation.

Attach angled supports (angle = tilt) to foundation.

Attach angled supports to vertical supports.

Attach all vertical supports together with wood members (2 x 4)

Paint mountings.

3. Mount each collector.

d.

OCbtain collecturs from manufacturer.

Raise collector onto roof.

Place collector on mounting being careful not to damage copper
heads or mountings.

Fasten collector to mounting per blueprints.

4. 1Install cach temperature sensor.

d.

b.

Obtain thermistor or other sensing device per plan.
If well type tempevature sensor is used, insert probe in

temperature well, being careful not to damage probe.



*5.

*Note:

¢. If strap-on type probe is used, attach probe to collector
pipe sgorage tank with tape or mechanical clamps insuring that
sensiné points are fimly touching area to be measured.

Connect dadpers, valves, safety devices as required by svstem

design.

a. Obtaln necessary materials (i.e. air vents, relief valves,
etc.) |

b. Determine placement of air vents at all high points in system
or per blucprints.'Q L. ST ‘ {

c. Detetminé‘relief‘valve_placeéent at hottest point in system.

d. Using 3/4" copper FPT adapter, install air vents and relief
valves using teflon tape on threads.

Connect manifolds and collector pipelines.

a. Obtain blueprint and material, i.e. pipe. elbows, couplings, etc;

b. Measure distances between collector.

c. Cut pipe length accordingly.

d. Clean and flux pipe (copper).

e. Connecct pipe batween collector.

f. Solder pipe fittings.

g. Insure that pipe lines are sloped such that air vents arec

at high povints,

J.5. and J.6 should be done at the same time at least for hydronic

systems.

S
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TOOLS AND EQUIPMENT

(A) Blueprints or plans.
(B) Wirce brush.
(C) Electric drill and bits
D) Extension cords.
P (E) Tape measure; ‘
\ (F) Hammer, framing square.
(G} Paint brushes.
i) éhair hoist .or other lifting apparatus,
(I) Screw driver, pipe wrench.
(J) Knife, level, pipe cutter.
(K) Propane torch.
(L) Flux brush,
MATERTALS AND COMPONENTS
(A) Tlashing material
(R) Redwood &4 x 4's.
(C) Stcel angle.
(D) Brushes.,
(E) Wood fasteners,
() Nails,
(G) Lumber (2 x 4), (2 x 6).
('  Paint and primer.
(I) Thermistors or thermocouples.
(J) Tape.
(K) Solar collectors.
(L) Collecctor hold down fasteners.
(M) Air vents, relief valves,
(N) Pipe, fittings and adapiers.
o 27t
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(0) Teflon tape. -
(P) Solder, flux.

REQUIRED KNOWLEDGE -

(A) Science
(1) BuilJ;ng construction.
(2)  Properties of metal and wood.
(3) Wood preservation.
(4) Meteorology.
(5) Mechanical advantage.
(6) Basic heat transfer theory.
(7) Basic electrical theory.
(8) Basic fluid flow theory.
(9) Corrosion processes.
(10) Basic plumbing theory.
(B)- Mathematics.
(1) Arithmetic.
(2) Basic measuring skills.
(3) Trigonometry.

PERFORMANCE OBJECTIVE

Given the proper tools and components. the student will install
a collector array in such a way that is meets appropriate

codes and standards and is donc in a workmanlike manner.
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K. COMPLETE SYSTEM HOOKUP

1. Mount major solar system components: heat exchangers, air handlers{
pumps, blowers, domestic hot water tanks, etc.
a. Select location for air handler. \
; b, Construct plenum of wood or sheet metal for return air to match
dimensions of air handler, or mount return air box (sheet metal)
and attach collar. Instail return air grill. Insulaée plenum.

c. Placec or suspend air handler. If suspended, hang with sheet
metal straps., If installéd vertically, fasten down with screws
over return a’ . plenum.

d. Install pumps. If 1/12 H.P, or under, support with plumbing,
insuring plumbing is well anchored. If greater than 1/12 Ii.P.,
nail mounting block to suitable wall, etc, and fasten pump
to block with lag or maphine screws. Use dielectric unions where
cast iron pump is.connected to copper lines.

e. Set domestic water heater tanks in place. Ii tank is p-aced
on upper story, install sheet metal drip pan underneath.

2. Connect all solar components with pipelines as required by system
design,

a. Connect return air box (1f used) to return air plenum with
suitable duct material. Also connect supply air plenum to
supply boxes (boots), using Y's anl appropriate sized duct.

Tape all joints and insulate if not using pre-insulated duct.
Set supply 2ir registers.
3. 1Install convcnt;onal equipment.,

a. (Breakdown ol tasks omitted since tas). is for non-solar cquipment.)
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Deleted by experts.

!

-
-

Install space heating and cooling ducting. (See 2.a.)

Install sygtem controls and make E%nnections to sensors.

a.

b.

C.

Fasten controls to will or other location.
Connect thermostat wire from sensors to terminal strip or to
control leads with wire nuts (previously described).

Connect all relays, thermostats, in manner described above.

Flush, fill, and purge (liquid system).

Fill system in manner prescribed by plans.

Check all pumps to insure that they are circulating water and
not cavitating as a result of air in the water lines. Bleed

off air through air bleeds or by loosening fittings.

Turn pumps on and off several times to insure system is f{reec

of air and that pumps are not cavitating.

Make electrical connections.

“’*\

Attach conduit t~ control box and to junction box (if required).
Feed wire (of proper gauge) through conduit.

Connect leads in junction box (insure power is c¢'.) using wire
nuts. Also connect leads at control to terminal strip or to
appropriate leads.

Secure covers to junction box and control box.

TOOLS AND EQUIPMENT

(A) Complete tool kit including wrenches, screw drivers,
nut drivers, wire strippers, shcet metal shears, and
pliars,

(B) Propane to:ch ..nd soldrring apparatus, tubing cutters.
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(C) VoM.
- (D) Conduit tubing Lender.
BN ' (E) Hack saw and high speed drill’ with bits.

MATERIALS AND COMPONENTS

: (A) "Heat exchangers, air handlers, pumps, blowers,
domestic hot water tanks, etc.
(B) Copper pipe and fittings.
(C) Duct and éuct fittings. \
(D) Thermostat and high voltage wire, wire nuts.
(E) Hose

REQUIREDN KNOWLEDGE

(A) Science.
(1) Physics.
(2) Electricity,
(B) Math.
(1) Measuring skills.
(2) Simple algebra.

PERFORMANCE OBJECTIVE

' : Given the system components to be installed, a system
schematic and wiring diagrams, the student will, using the
proper tools, mount all system components, and make plumbing,
2le trical, and other connections to the components. He
will fill the system and insure that the system is
entirelv ready to be placed into operation. During the
wiring phase, he will safeguard “imself gnd others again§t
electrical shock and insure his #onnections will nct

create a fire hazard, or cause damage :o system componenrts.
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L.

SYSTEM CHIECKOUT

1.

3.

Leak test all pipelines.

A.

Inspect all joints in piping for moisture.

b. Drain and solder any faulty joints.

Check out the systém powered components.

a.

b.

d.

Insure power is delivered to system components.,

Piace system in all possible operating godes by manually switching
control and/or shorting sensor wires.

Check operation 6f pumps, automatic valves and other components

in all modes to insure their operation complies with the intended
mode of operation.

Return control overrides to normal position.

Insulate pipelines as necessary.,

a.

b.

Apply pipe insulation according to method appropriate to
insulation being used (hot water pipe only).

Cover, tape, or seal any insulation exposed to weather.

Calibrate and test solar temperature differential controls.,

a.

If control system is factory calibrated, inspect operation

of system under various temperature and insolation conditions.
Insure that system is cperating in proper modes.

If control is not factory calibrated, test by immersing sensors
in water at various temperatures. Monitor water temperature
with thermometer and check differential on and off temperatures
and high or low limit functions. Use VOM to check position of

relays.
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Test system operation modes.

a.

b.

Observe system operation under different temperature and
insolation conditions. Use overrides where necessary to
sinulate operation conditions.

Check position of all valves:and operation of pumps and

-

5
relays in all modes. i§§

Balance flow controls as specified.

a.

Using flow meters or colleckor temperature monitors,
adjust flow.controls to achfieve balanced flow rate or
uniform temperature at all collectors.

Flow control valves should be wide open and then gradually

closed to achieve proper balance and flow rate.

TOOLS AND EQUIPMENT

(A) Utility knife.

(B) Plumbing equipment (torch, solder, pipe wrench, etc.)
(C) Complete tool kit.

(D) TFlow meters.

(E) Thermometers (electronic) and VOM.

MATERIALS AND COMPONENTS

(A) Pipe insulation, jacketing, sealant.

(B) Test leads.

REQUIRED KNOWLEDGE

(A) Science:
(1) Basic electrical circuitry.
(2) Basic fluid mechanics. .
(3) Basic heat transfer thecory.

(4) Basic control theory,



(B) Mathematics
(1) ‘Arithmetic
(2) Algebra
(3) Basic measuring skills

PERFORMANCE OBJECTIVE

i

Given test equipment, system schematics, and other tools,
the student will determine that the system is operating
as intended and will correct or make adjustments on the
system such that it does operate correétly, or determines
what componénts are operating in a faulty manner and
require replacement or repair by specialized technicians.
He will also take responsibility for completion of the
system (including pipe insulation) and will place it in

operating condition.




M. MAINTENANCE
A

1. Periodic lubrication of moving parts (punps, blowers, etc).

a. Locate all compdncnts requiring lubrication.
b. Apply lubrication to components as specified by manufacturers.
2. Tilter changc.
a. Remove grill or cover plate as needed. !
b b. Remove old filter. Cléan with air jet or replace as rccommeﬁded
by manufacturer.
c. Replace {ilter and grill or cover.
3. Clean collector glazing.
a. Home-owner. . Y
4. Descale heat exchangers (water side).
. a. Remove heat exchanger by uncoupling joints or unsoldering.
b. Flush witl descaling agent. !
-c., Connect flow meter and pressure gauge and check back pressure.
Compare with manufacturers specs.
d. Replace heat exchanger.
5. TFlush open liquid collector loops and refill with clean .solution.
a. Drain fluid from collectors and heat exchangers.
b. Recharge system with water and drain again.
c. TFill system with glycol or other recommended solution or fluid.

d. Insure all drain valves are closed and:;check pump to insure it

is circulating through the collectors.

<

6. Deleted by experts.
7. Check antifreeze solution strength and PH in liquid closed loop
systems.

a. Drain small quantity of hcat exnchange fluid into small container.
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8.

9.

10.

11.

12.

130

b. Inspectrcolor and/or check PH with litmus paper or test kit.
c. thck sﬁecific gravity of solution with ﬁydrometer (if glycol

.used). |
d. Replace fluid if necessary, or replace lost fluid.
Deleteé by experts. '
Replace sacrificial corrosion elements and other system components
which are periodically consumed. |
a, Drain fluid from sysfem below level where sacrificial element

is located. Insure storage tank is isolated from service

water pressure.
b. Unscrew or remove sacrificial element and replace with new clement,
c. Rékill system and place in operating condition.
Check tracking orientation of concentrating co%}ectors.
a. Inspect collectors at varicus intervals over a day to insure that

the focal point of the concentrator is on the collecting surface.

Check liquid levels in expansion and storage tanks.
a. Home owner.
Check normal positions of motorized valves and dampers.
a. See L,2 .
Monitor flowrates and temperature differentials to test system
operations.
a. Check or estimate insolation rate and check flow rate: (if flow

megzr is built in).
b. Monitor temperature differential across collector by attaching

temperature probes to collector inlet/exit.
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¢. Calculate instantaneous collector efficiengy and/or flow rate
using manufacturer's collector performance curve and compare
ai& results.

‘ ' 14. Check for degradation of pipeline insulation.

| ‘a. Visually inspect pipe insulation exterior.

‘ b. Remove short section of insulation and check for moisture or

detérioration.

c. Replace insulation. 2

15. Check seals on pumps (for leaks).

TOOLS AND EQUITMENT

Yoo ' (A) 0il can or grease gun.
| (B) Plunbing cquipment;
(CQ Test equipment: P?eSSUre gauge, flow meter, VOM, Hydrometer,
PH Test kit, thermommeters, simple pyranometers.
%o

(D) Complete tool kit including screw drivers and wrenches.

(E) Ladder.

MATERTALS AN COMPONENTS
(A) Tilters.
(B) Descaling. agent.
(<) Nanufactprer’s equipnent specification.
(D) Clycol or other heat exchange fluid.

(E) Sacrificial element (anode rod).

REQUIRED KNOWLEDGE
(A) Science

‘ (1) Chemical equilibrium.

(2) Acid-base reactions.
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(3) Astronomy,

(4) Thermodynamics.
- (5) Electrochemistry.
(6) Physics..
\\\ .(B). Mathematics.
N (1) Algebra.

(2) Arithmetic

ERIC . . 3 287



APPENDIX M - .

. TASKS ANALYSIS, SOLAR TASKS

This appendix contains a refined analysis of the tasks that require
training in solar-related skills. Skills that a worker would need to

compleie each task are listed and referred to specific tasks.

-
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DUTY

ACTIVITY ° e

SCIENCE SKELLS

MATHEMATICS SKILLS

TASK

A. CALCULATE HOT WATER LOAD

1.

2 ¢
2.

3.

4
7

' A
Determine monthly average
ground . water temperature

Determine design hot water
temperature. .

4 8

Determine *:ot water irequirement
for persons. -

~ .

~

'S

Determine hot water requirement
for applicar.ces.

& M

a. Obtain ASHRAE Handbook
etc., or contact water
utility for temperature data.

a, Determine from building
plans what types of applian-
ces are in use, and what
water temperatures they
require.

a. Using Uniform Solar
| Eaergy nomography or other
reference, apply the number
of persons using hot_ water
consumed, or multiply number
of persons by 20 gallons
per day.

= /

a. Repeat above:$rocedure-
for appliances using nomo-
graph, or contact manufactur-
er or distributor of applian-
ces for hot water demand.

Librdyy skills
Temperature measurement
Seasonal variation

Libréry skills
Blueprint reading
Temperature

Nomograph interpreta-.
tion '
Temperature J
Epergy unitg

Nomography
Temperature
Energy units

Interpret tables

Interpret tables
Addition
Sudbtraction

Interpret tables

Multiplication
Addition
Interpret graphs

\

Addition
Multiplication
Interpret graphs
Interpret tables

290
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"c. . Enter this temperature

) - )
to design demands for tem-
perature out of collector.

on work sheet,

efficiency

| wal

e ' o v .
: L - - - . 4 ' i
»! ~ , Coo , ] :
! ')- f . - s
‘ i " \ [ I\. ]
DUTY. ) ‘ ' § S ' _ —
| = - TASK .. $ . ACTIVITY ' SCIE§CE,SKIELS MATHEMATICS SKILLS
I. » - / N * - - & ' : - o
! g .- - B
§ 5. Determine BTU rgquiremént'éf a. Read BTU requirement Temperature Multiplication
| monthly hot water load. from nomograph, or multiply ‘Nomography ' ( Divisiop ’
| a ’ : 1 .gallons used per day by the Heat trdnsfer " Addition.
‘ 2 . . design temperature minus . _ Specific heat Subtrattion, .
.- thezgupp}y wategatemperaﬁure ' ~ . s
A p and by 8.331b$..per“galldn. . “
» - - : : ’ . . [ :
A . ) v . ., Ad
™ *D. CHOOSE COLLECTOR TYPE . L ‘ -
Determine average operating "a,. Obtain mdnufacturers' L. Ehergy,units Interpret graphs
. _ collector fluid température: specifications on collector Temperature * Interpret’ tables
T . .7 T . ¢, | performance. + Heat transfer ' o
T Light transmissidn
oy . " Factors effecting -
- o . _ . efficiency '
/‘ - [‘ _ P
l y ' T . o ; S = '
! " : -
? b. From collector manufact4 ° Temperaqpre Interpret graphs
3 ‘ urers' specs obtain" average Nomography ~ ' Interpret tables
‘operating collector fluid Heat transfer ' '
temperatute that correspondg Factors effecting - :
. L J



DUTY

TASK ,

ACTIVITY

SCIENCE SKILLS

MATHEMATICé SKILLS

AN A

<

)

2. Determihe design ambient
-temperature and insolation. ,

3. Determinélfiat-plate and concen-
trating collector efficiencies
for design‘ conditions.

DI '. A

) .

a. Obtain ASHRAE Handbook
of Fundamentals or ather
source of meteorological and
insolation data. .

b. Look up for design month
the ampient temperature and
inselation values.

- . ) ’
!
c. Enter values on work-
sheet.,

a. Obtain manufacturer's
gspecifications for cepllector
performance.

4

b. Read design conditions
from worksheet. '

*

4

Meteotology
Tempeypdture
. Astronomy

Ed

Chart interprétation

Heat transfer
Efficiency -

.Insolation o
Light transmisgion

!

Temperature

‘Interpret tables

\

Atithmetic .
Trigonometry

Addition S
Subtraction
Multiplication
Trigonometric functions
Division
. \ [N

! - A 3

Intérpret graphs

4

Ari;ﬁmetic

‘Interpret tables

.29y
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.‘_..

SCIENCE SKILLS

MATHEMATICS -SKILLS.

?

4,

-
s

Determine cost per square-foot'

of collector 'types.

.
i
P .

IS

~

. fined by T

<N !
and go up to curve then

:efficiqpcy.

.d. Enter resulcs on work-

- Out let .

' absorber area to get $/ft2

‘sheet.

ACTIVITY

c. Enter performance graph
on bottom axisg at point de-~

in - J?ambieng
3Ipsolatibu

horizontally to -vertical. .
axis and read. collector

sheet.
o

a. Obtain-collector cost
from manufacturers or sales

b. . Obtain effective solar

absorber area from manufact-~|

urers “literature.’ \
/

c. Divide cost of total
collector by. eifective solar

col]ector.'

d. Enter .results in work-

P

Températuré > |
Nomography
Insolatidh efficiencv

%

. -

“

o

Interpret value.

.9 . t -

kffective area

Interpret value

4

Arithﬁézlc

“«¢.

4

_ Interpret. graphs: .

Interpret graphs'
Interpret tables °

Division

Iy

29
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DUTY o ) \ N e . (Y- .
TASK - ' _ACTIVITY _ . SCIENCE SKILLS : MATHEMATICS SKILLS
. . . | ] ' ." . ‘o p é .. . " . .
5., Calculate $/BTU, _a, From D.3 above enter Energy -units ‘ ~ Equation manipulation )
' , ' collecfor efficiency and Value .} . Algebra
design insolation in equa- Effective area .
. : tion below . .| Insolation
v . $. = Cost/Effective Area |[° g ' o P »
' T BTU  Insolation x Efficiency o '
.' ) Lo
\
* ) . : * . )
" - _ b. From'D.4 above enter Valye : Equation manipulation =
: @ ' : collector cost per square | Efficiency Algebra
V4
.o foot of “absorber area in / ' ' .
\ . ' " . ' eqpation above. ~ \\)
1 \ - ' |. | | ' . l S
N L . ¥ . . o . ¢ .
W . ‘ " B G. )Solve equation. for Value @  ° Equation manipulation
! * ' : ' ., $ ; | Energy Units | Algebra
- E n o s . BIU - " N . .
i i . . . ) ! b ! . Z
- . 0 . a . . . . : : . . ‘P
‘ Coe . . . . . . : J N i : o k\ t}})
d, Enter results in work- . . ( v
N - .. | - sheet. : ' : ~ . i
. . . q. -;, ‘ L h
. : ‘ Lot i i a
/‘ O | ' ‘. ': . | . T i K ' ° ’
6. ‘Choose collector type with ‘ a, From list of .§/BTU in |- -Value , _ | Data compardson '
lowest, energy cost. D.5 above choose collector | < -
' T . with lowest $/3TU - g )
. { ) ;’, ] .
N . . i A p . - ) . . .. '
E. CALCULATE SOLAR. GAIN ON UNIT AREA ’ i /’ . AN . o i €
., BASIS. ’ ° - T K L o | o
ig Determine collector tilt for a, Find local latitude Map reading ' ) Interpret graphs .
_ ahplication, from maps or atlas, " Geography _ ‘ ' , '
, S ' : ' Latitude , s
. 29 ¢ . . oL i e . o ’ , 29’:) \",. ﬁ
a - s‘ . ] - . " " .
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-DUTY

TASK

ACTIVITY

SCIENCE SKILLS

MATHEMATICS SKILLS

-0y~

it

/]

, tion from client or blue-

b. Determine solar applica-

prints ang specifications as
to whether it is space heat-
ing plus water heating.

T

¢c. If space heating only, a
thumb rule for collector
tilt plus 15 degrees will be
appropriate to make use of
the winter sun's position in
the sky.

d. 1If water heating only,
-a thumb rule for collector
tilt equal to the latitude

will allow year round use of|

collector.

e. If combination of space
heating and water heating
is required, the tilt

,is the same as 'that of space
heating only.

f. Enter results in work-
sheet. :

Blueprint reading
Energy units

Sun/earth relationship~

Sﬁn/earth

Sun/earth .

Arithmetic
Trigonometry -

pe D

Trigonometry

Arithmetic
Trignonmetry

' 300



. DUTY )
TASK ' ACTIVITY SCIENCE SKILLS MATHEMATICS SKILLS
curve and compare all results
€

|

N . . ’ ' - ¢

- ‘ ;o .

]

' |
|
&
b 3 0  § 3 2




DUTY

L SCIENCE SKILLS

TASK | ACTIVITY MATHEMATICS SKILLS .

J—zvzf

w7

2. - Determine for each month
average hourly insolation for
tilt and latitude.

3. Determine for each month
average ambient daylight tem-
perature.

305 -

a. Obtain ASHRAE insolation
.stables. Q

b. Obtain local latitude
and tilt from E.l above.

¢, Enter ASHRAE tables for
local latitude or closest
latitude for which there is
a table in the month of
January, ‘

d. Read across to tilt:
closest to that determined
in E.1 above.

e. Enter in worksheet the
hourly values for insolation]

a, Obtain ASHRAE Handbook
or other source of tempera-
ture data.

#b. Enter table for geogra-
phic location and list
average daily daylight

temperature.

Energy unit.:
Insolation

Latitude
Tilt

Latitude
Nomography
Meteorology

Tilt
Latitude !

Temperature

Meteorology
Latitude

Temperature
Geography

Intefpret tables

Interpret tables

Internret tables

B
Interpret tables
&

/

Interpret tables

Interpret tables

304



DUTY

TASK

ACTIVITY

SCIENCE SKILLS

. MATHEMATICS SKILLS

\
¢ w—

b
5

(0.

Determine monthly collector

efficiency from collector
pexformance cuxve.

iy (

5. Detérmine monthly clear day

collector heat gain in
BTU Fto‘z - hrc

300 °

. b. ‘Using the following
equation ‘

a. Obtair manufacturers
efficiency curves.

T T

'in - “ambient
Idesign

x-

determine "x" value using

design insolation, collector

design inlet temperature,

and ambient temperature.
. c\g

c. Enter manufacturer's
efficiency curves, then
horizontally to vertical
axis and read collector
efficiency.

d. Follow above procedure
for each month of the year.

a. From E.2 above sum all

hourly insolation valuesF

greater than 125 BTU/hr
ft.?2

Efficiency

" Heat transfer

Temperature
Insolation

\

«©

Efficiency
Nomography,

Temperature
Nomography
Efficiency

Insolat;on

-

t

‘ntrepret gfaphs

Algebra
Equation manipulation

' Interpret graphs-

‘m

o

Algebra
Interpret graphs

L ]

Addition

{

30C



TASK

_SCIENCE SKILLS '

MATHEMATICS SKILLS = ~

-]

{
N,
&
¥

W

\

6:. Deterfiine for each month
average daily daylight collec~- ,
tion hours. , '

P e
L 2

-
¢

7. . Determine haze factor. for
locality,

Determine average monthly per-
© cent qf,sunshine.

8,

307

-~

ACTIVITY
‘b._'Multiply dailf clear day
insolation (above) by

collector efficiency from
E.4 above.

" a,Obtain ASHRAE Handbook,

b, Enter ‘tables for closest
latitudes and read number of
daily daylight hour%.

€

L4
.

a, OWtain local meteorolo~
gical data from colleges,’
airports, Federal Government
or State Government, etc,

-

b. Look up haze factor for

\\eocality.
!

o

a. Subtract haze factor'%
from 100% to obtain % sun-
shine. )

' Meteorology

“
»

‘pefinition of percentage

Insolation
Efficiency

Astronohy
Sun/earth relationship

.
L

. \ M .
Latitude
Sun rgtation

\

Meteorology
Light scattering
Light absorption.

]

* Multiplication

Interpret tébles

L]

L]
*

o
|
! Interpret tables

T

Intérpfet tab;es

Interpret graphs
Interpret tables

A}

ﬁultipiication
Subtraction

308
¢
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a. v R

¢ * ~ ﬁ [
.; | . . \ X
DUTY X 7 -
TASK ACTIVITY SCIENEE SKILLS MATHEMA;ICS SKILLS
i . 9. Calculate unit .mcnthly solar Algebra
gain in BTU/Ft.2, using . '
‘information obtained in *
above' steps. . N
J :
\ ¢ a
- 7
.‘{ & ' * ”,,.a')
3
| \\ - v
N : .
£ oo
Y\ .
% «
1 | . ]
| -
o ‘
i \\;)
J

N



el

v . .
. . - a
1 . L : -
. 3 R
2 . K . ¢ - 1 ’
¢ .
- ) ¢ ) v , . - ' o - o ‘
- . : 4 v AN “ i Tix® ‘
. 2 o . 3 ., (g 0
. N . . . r- -
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DUTY e ' . t ? . ]
€ e TASK ACTIVITY . - SCIENCE 'SKILLS MATHEMATICS SKILLS
. 'j.’o - o, ’ ; . e y . , . .‘ \\ p < .
. A ~ ' ™ ) ' < \ . ’ ‘ .
F. DETERMINE MAXIMUM AVAILABLE COLLECTOR| - S - ' R ‘
AREA . _ s T i , &
¥ 1. Determine ‘roof space dimensions{ a.  Obt in blueprints or ) Blueprint reading " | Interpret gfaphs-
drawings (to scale) of build- : ' _ ‘
) | i . . ing. ' .e. .- | . . . . : . . .
.| b. Using engineérs or archi-| Blueprint reading Arithmegic S
N " | tegts scale or actual on site| Area : Trizonometry '
NN : | .| measurement with tape mea- Mensuration ! .
A sute, measure all areas of
roof that give good southern ¢ )
p 'y +{ exposure. '. ¢ . .
'2 § e ' ¢ | ;c.,rkg::z; t:h.i§ area on , Area. ) a ‘ .
2. Deteftmine ground space , ‘a. Obtain tape measure. Toolgraft Basic mea\eving skills
dimensions. . S " ' A
‘b, At the site, measure - Mensuration "Arithmetic
N .length and width of ground = | Length .- ' Trigonometry
| space available for storage Width C . Co. .
. tank or collector placement. | = - ] B
C.. Enter a.réa on works;heet.« Ared “
T ‘ ) \
3. Determine shaded spaces. - a. 6Obtain sun angle locator | Toolcraft,
box. ' Simple machines
. { ' .
. - b. Positioning yourself so - Sun/earth relationship’ | Angles ,
.. ‘ that yod'are eye level with Simple machines ) Trigonometry :
. 5 the bottom of the proposed
. : ) - | collector array, use sun
. J i . angle locator box,*positioned
0 parallel with long axis of- | - )
31 ) 8 roof; to find time of year
: N ) and position of shade y ‘ 312
5 . | devices. ) ‘ .



DUTY

MATHEMATICS SKILLS

TASK ACTIVITY SCIENCE SKILLS
¢. Mark areas that will be Simple machines Arithmetic
shaded on roof/ground diagram .
a d. Measure these areas. Mensuration Arithmetic
4. Determine collector physical a. Look up dimensions on Area Interpret tables
dimensions. : manufacturer's specification { Length Arithmetic -
sheet, Width
5. Allow for proper spacing of a. Obtain ASHRAE Handbook. Mensuration Arithmetic
collectors on flat roof. Area '

: b. Look up solar altitude Sun/earth relationship | Angle measurement

- at 10:00 a.m. on December 21, '

N

& ol :

n c¢. On separate sheet of Drafting Trigonometry
paper draw to scale, side Tilt Angle measurement
view of collector array with

! proper tilt and collector ' ‘
height.
d. Using protractor, find Simple machines Trigonometry
* the point on the north side Angle measurement
of collectors where a line .
drawn at an angle equal to
the altitude would just
touch the upper edge of the
collector. ) -
{ e. Measure the distance Mensuration Linear measurement
from the back of the collec~| Length
tor array to this point with
architects or engineers scale
6. Allow for proper collector tilt) Tilt Trigonometry
Azimuth

and az;muth.
J




DUTY

TASK

ACTIVITY

SCIENCE SKILLS

MATHEMATICS SKILLS

o
P
P

.7. Calculate maximum poséible _
collector area in square feet.

G. DETERMINE OPTIMUM COLLECTOR AREA

1,

. tain monthly solar gain in BTU,

Determine cost of solar system.

Multiply given collector area by
monthly unit solatr gain to ob-

Obtain monthly useful solar
gain by taking the lesser of
the monthly solar gain and the
monthly total load.

Obtain the typical annual use-
ful solar gain in M BTU by
summing the monthlg totals

and dividing by 10",

Determine auxiliary fuel
efficiency.

Obtain auxiliary fuel
efficiepcy.

315

a. Subtract from gross area
those areas that were not
usable.

a. Obtain collector area
from ¥.7. above.

b. Obtain monthly unit solar
gain from E.9.

¢. Multiply these numbers
together,

a. By looking at a column

of monthly useful solar gain
and a column of monthly total
load enter the lesser of the
two numbers for each month in
a.third column.

a, Add all the numbers in
the third column in G.2.
above.

b.6 Divide this number by
107 to obtain M BTU. '

a. Obtain written data on
fuel efficiency 1f possiblae.

a. Multiply value in G.4.
above by annual useful solar
gain.

a. Obtain collector cost

information from manufac-
turers.

Mensguration

Energy units
Mensuration

Solar Insolation
Area

Solar insolation

Nomography

Energy units

Insolation
Efficiency

Insolation

Value

Arithmetic

Equation manipulation

Arithmetié:

"Interpret tables

Arithmetic

Arithmetic

Arithmetic
Arithmetic

Arithmetic

Arithmetic

31¢
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TASK _ : ACTIVITY __ SCIENCE SKILLS MATHEMATICS SKILLS

s I T

b, Multiply collector cost Value - - Multiplication
by the number of collectors ‘ N
" ' ' . to get solar collector costs.

7. Determine the mortgage .interest | a. Obtain list of mortg&ge ' "Mortgage rates Arithmeatic
rate and term. rates from local building _
' institution. B

b. From this list determine
mortgage rate based on system
cost and lifetime. Y
. . , :
. Determine cost and inflation a. Obtain list or table of Energy units Interpret tebles
rate of auxiliary fuel. local utility rates. Costs

b. From this table determine] Rate structure Arithmetic

rate which applies to the Interpret tables .
specific application (resi-
dential, commercial, etc.)

t
N
&H

Ao

'

c. Obtain from local Public
Utilities Commission esti-
mates for fuel inflation
rates. .

. . d. From this information Rate structure Interpret tables
determine which rate applies. . Arithmetic

9. Calculate life cycig value of a. Enter data collected "I Value Algebra
solar system. N above in following formula:

. $ = Capital cost of solar
A\ system

(cont'd on fg}lowing page)
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DUTY .
TASK

SCIENCE SKILLS

MATHEMATICS SKILLS

A

-OSZji :

10, Iterate above steps with dif-
ferent collector areag to ob-

tain maximum life cycle value.

H. DESIGN FLUID FLOW SYSTEM

1. Determine proper storage size
and location.

ACTIVITY

$ = Capital cost of solar
system including tax
incentives or other fac-
tors as reflected in
$/BTU ‘

o+ ,

present value of fuel
cost over lifetime of
system

+

present value of stream
of maintenance costs
over lifetime of system

a. Locate outside tank in
area protected from the
elements. Locate inside

in tank in mech room insu-
lited from ¢onditioned space
if used in summer.

b. Determine application
BTU/Hr design load require-
ments from A, B, & C as
applicable.

Value

Heat transfer
Temperatures
Insulation principles

Heat transfer
Temperature

-

Algebra

Basic measuring skills

Equation manipulation

320



TASK

ACTIVITY

)
SCIENCE SKILLS

' MATHEMATICS SKILLS-

1
N
W
Lo

i

2. Integrate solar and convention—
al systems.

3. Design system controls and
operation modes.

321,

c. Determine hours of stor-
age required for application,

typically. 24 hours for heat- |
.ing and hot ‘water and thrée

to four hours for cooling.

d. Determine BTU storage

requirement by multiplying
hours of storage by BTU/Hr
requirement.

e. Determine design maximum
storage temperature and mini-
mum useful storage tempera-
ture.

£, 'Divide BTU by the differ-
ence between maximum and
minimum temperatures and
divide the result by 8.33 to
obtain storage size in gal-
lons.

BTU

GAL = 533 x T

©

a. For air- systems, deter-
mine proper location of solar
duct tie-ins. For liquid
systems, determine location
of water coil in conventional
ductwork. .

a. Use two stage thermostat
to bring on solar first and
conventional equipment

second.

-+

e
Specific heat
Heat transfer

Specific’héat

Heat transfer .

Temperature
Heat transfer

Blueprint reading

Control theory
Flow of electrical
current

¢
4

" Equation manjpulation

Multiplication” _
Equation manipulation

,

Equatiaqn manipulation

\

Division
_Equation manipulation

L4

'Basic measuring skills



DUTY.- > ' . ' ) T >
TASK : - : ACTIVITY : . SCIENCE SKILLS MATHEMATICS SKILLS
_ - — ; — . ; ‘ - , "
¢ ° L3
. : b. Use temperature sensors - Temperatures ' Interpret diagrams
‘L . - , and relays to prevent the Electrical circuitry : -
' ' circulation of the solar ' : ‘ : *
' - ' : : working fluid to the load
N\ ' when the fluid is not hot ! By
o \| enough to.-help meet the load. .
c. Use a differential con~- Electrical circuitry
trol and sensors to ensure Bj-metal principles
that the solar collectors ' }
: recharge storage and do'not - , . :
- ) degrade it. . o . . ' :
é . : d. Use a motorized valve or Fluid flow | .Interpret diagrams
N " check valve to ensure that Electrical circuitzy
" storage 1s not degraded by
' thermal siphoning backflow.
! e, Include relief valves), Piping desién' _ Arithmetic
air vents, vacuum breakers, ' -
and tempering valves as e
necessary.
4, Size individual system compo- a. Determine CFM and GFM Pump characteristics * | Equation manipulation
nents in accordance with col- for conventional eguipment luid flow Arithmetic
lector size and load require- and solar ccllectors. Fan characteristics Interpret tables
ments. ’
b. For liquid systems, Temperature Arithmetic
choose water coill that mzets Heat transfer Algebra
BTU/Hr load requirements at Fluid £low Comparison
desipgn minimum useful solar
supply water temperatuvre.
320
. 32
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5. Prepare working drawings.

320

‘representation of system

ACTIVITY

.
> -

c. For air-systems, choose
air to water exchanger to
meet domestic hot water
requrreméﬁts at collector
design CFM and outlet temper=
atures..

d. For liquid systems re-
quiring a water to water heat
exchanger between the collec-
tor and storage, determine
collector fluid specific heat
GPM, and outlet temperature;
and determine tank minimum

flow over the exchanger sur-
face and design inlet temper-
ature. Refer to manufacturen
for exchanger size.

e. Design duct and pipe
sizes for required CFM and
GPM not exceeding friction
loss and velocity limits
specified in ASHRAE handbook,

f. Choose the smallest pump
and fan models that excéed
or equal design CFM and GPM
at required static pressure
and head.

a. Determine schematic

componentg: pipelines,
valves, dampers, fans, pumps 4
storage, collectors, conven-

tional equipment, ekc.

SCIENCE SKILLS

Temperature.

‘Heat transfer

Fluid flow -

L}

Specific heat
Temperature
Heat transfer
Fluid flow

! i
Fluid flow
Piping design

. Duct design

-
*

Fluid flow

Nomography
Pump characteristics

. Fan characteristics

St

System esign
Drafting
\

MATHEMATICS SKILLS

Algebra
Arithmetic
Comparison .

Algebra
Arithmetic

/

%

Algebra e
Arithmetic
Equation manipulation

‘;Interpreg,graphs

Interpret tables

Interp}et'graphs
Conparison

Interpret tabled

L
)

Interpret diagrams

- 32¢



MATHEMATICS SKILLS

|

N
W
T

6. Prepare materials and equip-~
ment specifications. - :

.¢. Determine number and

" systeii equipment,

ACTIVITY

b. Draw wiring diagrams
linking thermostats, relays,
temperature sensors, and
mech. “lcal: system components.

¢. Use building plans to
determine physical location
of components,

a. Detennine lengths of
various duct and pipe sizes
needed.

b. Determine number and
sizes of elbows, tees, gate
valves, manual dampers,
registers, and other small
passive fittings for pipe-
line connections. ’

sizes of motorized valves
and dampers, pumps, fans,
differential controls, ther-
mostats, relays, relief
valves, vacuum breakers, air
vents, expansion and compres-
sion tanks, aquastats, and
other small active system
components.,

d. Metermine number and mo-
del collectors, furnaces,
air conditioning units, stor-
age tanks, or other large

SCIENCE SKILLS

FElectrical circuitry
Drafting

Blueprint xeading

Mensuration

Mensuration

Mensuration

Mensuration

Interpret diagrams

Interpxet plans

Arithmetic
Trigonometry

.Arithmetic

Arithmetic

Arithmetic
Interpret charts



DUTY

TASK ACTIVITY SCIENCE SKILLS MATHEMATICS SKILLS

J. INSTALL COLLECTOR

4
i

Mount each collector.

SYSTEM CHECKOUT !

Check out the system powered
components.

(JV]
o9
)

a, Obtain collectors from
manufacturer.

b. Raise collector onto
roof.

~. Place collector on mount=
ing being careful not to dam—
age copper heads or mountings

d. Fasten collector to
mounting per blueprints.

a. Insure power is delivered
to system components.

b. Place system in all pos-
sible operating modes by
manually switching control
and/or shorting sensor wires.

¢. Check operation of pumps,

Human :elations

Mechanical advantage
Simple machines
Coefficient of friction

Mechanical advantage
Simple machines

KnowledgéAof fasteners
Simple machines
Blueprint reading

Flow of elecfrical cur-
' rent !

Control theory

Flow of electrical cur-
rent

Interpret wiring diagram

Flow of electriqal cur-

automatic valves and other rent
components in all modes to Fluid flow
insure their operation com- Airflow

plies with the intended mode
of operation.

d. Return control overrides
to normal position.

Solenoid operation

3

Interpret graphs
Interpret charts

-

Basic measuring skills

.\.

Interpret diagi‘amaw u»wwf%
Besic measuring skills

Interpret meter scales

Interpret scales

« 0
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DUTY
TASK

SCIENCE SKILLS

MATHEMATICS SKILLS

|
N
wn
)]
|

4. Calibrate and test solar temp-~
erature differential controls.

/

"

o

-

M. MAINTENANCE
|

12. Check normal positions of
motorized valves and dampers.
13. Monitor flowrates and tempera-

ture differentials to test
system operations.

ACTIVITY

a.” If control system is
factory calibrateu, inspect
operation of system under
various temperature and
insolation conditions. In-
sure that system is operating
in proper modes.

b. If control is not factory
calibrated, test by immersing
sensors in water at various

temperatures. Monitor water
temperature with thermometer
and check differential on and
off temperatures and high or
low 1limit functions. Use VOM
to check position of relays.

al See L.2

a. Theck or estimate insola-
tion rate and check flow
rate (if flow meter 1is built
in).

b, Monitor temperature dif-
ferential across collector
by attaching temperature
probes to collector inlet/
exit.

c. Calculate instantancous
collector efficiency and/or
flow rate using manufac-
turer's collector performancg

" Fluid flow

Temperature

Solar insolation measure<

ment

Fluid expansion & con-
traction

Bi-metal principles

Temperature

Bi-metal principles

Flow of electrical cur-
rent

Solar insolation neasure:
ment

Pressure drop

Temperature . .
Temperature measurdtént
Thermocouple principles

Efficiency
Fluid flow
Heat transfer

Interpret scales

Intérpret thermometer
scales

-

+ Interpret scales

Interpret scales

Equation manipulation
Interpret charts

33%
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APPENDIX N

CONTRACTORS COMMENTS

S On the contractors' survey form a space was included for comments.
This appendix gontaiﬂs a number of the comments received from cSntractors.

 The comments are un-edited except for the deletion of identifying names.
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Dear Mr. Gibson: -
I enjoyed filling out the enclosed questionnaire. I am

yvvery pleased to see someone is concerned about the need for trained g

personnel in the solar field. : . S

: - dr > ' i

In relation to training people for the solar field, is Navarro
‘College,offering any full time courses for undergraduate students?
The reason I ask is I have a brother who finished his first year of college
and is very interested in turning his education tgwards the solar field.

If Navarro College is not offering any full time training in- =«

¢ | solar, maybe you could furnish me with some colleges who are offering - ;?i
' full time courses. (Not the 3 to 5 day sessions that many colleges are ' . .
now presently offering.) . J

. If there are any more questions you need answers.for, I will be
hiappy to assist you if I can. I would also appreciate an answer to the' ,
question of full time courses in the solar field because I would like
to see my brother attend a school who is offering such courses.

..."

P

Have a pleasant summer and'may'the sun ,alwvays shine on the south
side of your home. '

Cordially,

a

Eng; . | -258-
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Dear Mr. Gibson:

Goncerning your recent letter to "Access the Need fﬁr Developing
and Implementing Technical and" Skilled Worker Training for Solar Energy
Industry". ~ .

( ), I feel, is presently not qualified to
° supply you with the information you have requested,

We are a new company which is still in its research and development
stages. In‘'the near future we have a 30 unit condominium project in which
we will install solar hot water applications; and in our new 2400 sq. ft.
office complex to be constructed we plan to incorporatg a complete solar
application: hot water, space heating, and cooling.

As this project develops, ( ) will be happy
to contribute its findings to your study. '

_ & believe: that the task you are undertaking is a very important
. one. If the solar industry is to survive and prosper, it must develop
qualified labor to keep pace with technology.
L] ., .
- Please keep me advised of your progress and your findings. 1If
Iy may be of further help to your project, do not hesitate to write
' > or call.

Cordially,

‘ 335
ERIC : ~239-
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Attn: Harold J. Gibson
\ -

Dear Mr.'Gibson:

Because I feel very strongly about solar heat, ,I am ericlosing
a personal 1ettet. '

Our experience in the solar market gives us the same feeling we
were exposed to with the heat pump market in the early sixties. The
failures then, with the heat pump, should give us an insight ;o proper
steps required to have a solar system that will work. _ .

Solar collectoy.weertainly will become the victims of improper
1nstallations if inadequate amounts of collectors are installed.

- I have raised a few of the many problems tlvat exist, and continues
to exist, if manufacturers don't take proper control of their market

‘place.

I certainly do hope we all voice our interests, in this industry
in the future. '

Very truly yours,

o B30



CARPENTRY:

”

Developing Skilled Solar Technicians and Designers is definitely

worthwhile and I suggest learning by building and operating your own

water heating system and/or cool system for Navarro College,

Just Do It!

-261- 33y
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We are operating 2 companies - one company, ( . <)
. 1s a general coatracting firm, with primary emphasis on solar. Typically,
we sﬁart with a customer and hii’log, and custom design a home for that.
cus&oﬁer. We stress a heavy use of euefgy cdnserving materials énd

designs, as well as incorporating as much solar as possible into the home.

The second company, C ‘ ) 18 a solar manufacturings

-

firm. We manufacture and'sellfflat plate collectors, as well as other
solar related products. 1In addition, we market Faféo solar pool hea;i?g
collectors.

Our primary goal is to consummate a "marriage" of solar and archi-
tecture. For that reason we maintain.a st;ff-of desiénerg that ar;
responsible for all architectural designs.

'We look for the solar market to expand rapidly in the coming months.
We have already done as much business ig\;he first half of this year
as we d;d in the priér 18 months. . !
| Good, qualified installeys will be at a premium in the coming

months.

ERIC : R T =262~
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e s \ In order to "Assess ‘e Need for Developing and Implementing of
. . .
Technical Skilled Workers for the Solar Energy Industry", the questions
ﬁ?i should not be so broad so that it becomes difficult to answer. For
example, the first question should ask about the last applicatiou that
. _ R was involved witl, since I am currently research and develoging the

-\\? idea of radiant cooling. Incidently, I have only been with the firm
for 2 months so that you can see how busy we are out hera.

~

Currently I am in tramsit to open another regional branch office

"and I am familiar with the need in the field as I'ﬁgught a 10-hour

letture series in Adult Education here at ( , )

If I can be of further assistance (I applaud your efforts), please

contact through ( )

- 33y
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From my own éducational andxvocatibnal background I know what I would

like to have in a designer or teéhnician,and from my experience with the

seminars, classes, lectures and socleties that I've attended and joined,

I dofnof believe many of these designers and technicians will be truly.
qualified. I hope your program will be the exception to the general rule.

-

My choice of candidates would be: ,

A good physics background with the ability to relate.with daily
activity. Stress on fluid mechanics and heat transfer. Calculug
levei'iq mathematics would be sufficient. Field woék in mechanical
engineg;ing as well as classroom séudies. Another prerequisite wouid
be the ability to derive éqgations rather than memorize formulae.

This 1s asking a lot, but,I feel these qualifications would make a
s SN

,‘
top employee who could grow tc the top anywhere in solar work.

e o ’
] -

My main complaint with current solar studies 1s an excess of tables,,
calculations and Zormulae with a minumum of common sense and practigalti

application.

Yours truly, . ' \

340
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In Florida the solar markets are primarily domestic hot water and

-

- pool heating. These are relatively low technology and do not reqrire

o

substantial des;gn efforts., )
Forflérger hot water heating systems (commefcial), I do the design
‘work myself in conjunction with other building trades.
In the futhre; I will hire '‘a gradyate of a general engineering
pfog&am'and train him in the solar aspects myself. l

For installation labor we eﬁploy experienced rlumbers, due tn

Y

local buildingféodes.

In-the event .that thé.federal government passes tax incentives
to stimulate the industry, there will be a shorfagg of trained installation
personnel. This situation will exist for ébout 6 months, the time

necessary to train an installer.

I will be more than happy to answer any future questions you

*

may have.

Q o
534(: ' -265-




Our experienge has been that each system is unique. We sell
to industriél. commerical and residential. The technicians would be
valuable if they knew heating and air conditioning with solar applicationm.
Since the architects usg engineering data, the.application of their
plans to installation, if not already provided for, would facilitate.

Let me know if I can be of any further help.

Regards,

P.S. Most urgently needed: s
ure y - e 9
People who can call on potential prospects, arouse interest
in solar adventages, assess the present system, design solar
application to be used for particular system and ultimately

close the sale! Thereafter, thei‘would supervise installation and

explain maintenance to the purchaser.



Ed

Thanks for the opportunity to respond to your questionnaire!

There 1s a need for solar technicians (sun plumbers) who can
install, maintain and troubleshoot solar equiiment. And there 1s a
need for knoﬁledgeable small ﬁusinessmen (the guys on the carner)
who can sell ;nd service solar equipment on a par with T.V. sales and
service. However, I feel that the most pressing need right.pow is .
for every builder of new buildings and home improvement contractors to
be made knowledgeable of basic concepts of sun heating and cooling.
This is where the greatest progress can be made - if every new .building
or additions’to existing can be designed to take advantage of the natural
energy of the sun.

I support your efforts té help establish a solar industry, and
wish to help in any way I c... However, I'll bet that the same
investment in time and energy put into a ''Sesame Street"* approach to
educate our kids rather than a university program would have a much
greater effect on our future. |

Enclosed is a brief description of our néw home which speaks
for the way I feel. Please examine it as there has been considerable

thought gone into it. ~ n4ss it on to others who may be interested.

Thank you,

*Call it "Energy Street"

LN
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Comments:

We are establishing a ;entative administrative force, a Sales Organization
and an installation personnel group in aﬁticipatiqn of a sudden increase
in.sales and distribution of our Solar Energy'equipment. Many inquiries
are received from Solar Energy prospects who are planning to build new
homes which wiil include Solar Energy equipment. This should result in
sales when the goéernment finally stabilizes the grant and tax incentive

programs.

When the "explosion" erupts many people versed in the application of Solar

-

Energy will be required to meet the demaﬂd for persons in all phases of

the solar energy equipment business.



In my estimation =

L3
o/

The biggest need in manpowér is now and will be a solar designer- Cpd
draftsman (not a mechanical engineer - they tend to over des;gn a system,. .ug
causing increased' prices). |

The average plumber-fitter can install a system given a good et it

~detailed plan. The critical need is in figuring heat losses solar
insolation, pipe sizing, pump sizing, piping layouts (valves, check A s
valves, thermistérs, flow meters etc.)

The next need 1s controls - design and wiring -~ almost every wornd
systeﬁ is different and requires knogledge of what control to perform - .i:
what functién.

The solar installations are no piecekbf cake.- each takes its
share of de-bugging.

Hope I have been of some help.

Sincerely,

31
EBi(; . ~269-
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Suggest you start a "hands on" program of practical field experience.

We found the 5 engineers we employed all missed certain elements of

the schematics that were clearly and somewhat readiiy brought to our

attentiqp after the system became activated.

Good -luck,

4""\

314
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( . ), has just emerged from pilot production.

are under continuing review. A re8ponse from us in 6 months will

N\

yield more meaningful information,
However, we already perceive a need for trained solar installers and
repair persbnnel. There is no question of a shortage of such people.

We could use 1-2 such individuals now.

-~

‘ . . -271-

Certain of our manpower requiré nts are, therefore, preliminary and :



»

V. Would you hire a solar designer or installer if such a trained

technician were available? . Not yet If no, explain. °

Still in development étage and training is taking place
‘
daily so to say you are trained in todays market is a mistake. .

.

VI. COMMENTS: Basic training in heating design is a must. There are
N j

too many in field with no background in heating engineering.

31,

-
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V. Would you hire g solar designer or installérlif such a trained

technician were available? NO If no, explain.

Not enough need for ome.

]

VI. COMMENTS:

I expect that plumbing and sheet metal subcontractors will do

the work in the future.

“;i~

315
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V, Would you hire a solar designer or installer if such a trained
techﬁiqian were avallable?. _ Yes If no, explain.
with qualificétion: would have to be experieﬁced in conventional
systems; insufficjient volume to justify a solar specialist.
[ ]
VI. COMMENTS:
\ L4
)
o
35
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V. Would you hire a solar deesigner or installer if such a trained

technician were available? No If o, explain,

This will probably be our one and only solar job, if we ever

complete this one.

VI. COMMENTS: | . , | ' :

j;BgS; .- o : ~275~ \\\
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V. ‘Would you hire a solar designer or installer if such a trained °
technician were available? NO If no, explain. Ce ' T

X A

Skills generally are low level plumbing, HVAC carpentry, etc.

We can train better and easier than the usual school. - Y’
VI. COMMENTS:
, This is a low teclinology field (except for photovoltaic)ar We
have easily trained tecﬁnicians in 1 month to 6 weeks and

designers to size systems etc. in two' months.

359
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